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PREFACE 

In a letter to the Division Engineer, Southwestern Division, dated 

23 November 1945, subject: "Slide Gate Tests," the Office, Chief of En

gineers, proposed a series of slide gate tests to be made at Norfork Dam, 

Arkansas. Actual authorization of the tests was contained in the 4th in

dorsement to the initiating letter. Model tests, to form the basis for 

selection of the prototype test gates, were authorized in a letter, dated 

14 January 1946, from the Chief of Engineers to the Waterways Experiment 

Station. 

The model tests were conducted by the Waterways Experiment Station 

during the period May 1946-December 1946. The prototype tests, conducted 

during December 1947-May 1948, were supervised by the Little Rock Dis

trict Office under the general direction of the Office, Chief of Engi

neers. The Experiment Station provided all measuring equipment and 

personnel for operation of equipment. This report was prepared by the 

Waterways Experiment Station in collaboration with the Little Rock Dis

trict and the Office, Chief of Engineers. 
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SUMMARY 

Results of full-scale tests at Norfork Dam of the two types of 

slide gates, selected on the basis of model tests, indicated that the 

performance of a gate with a 45-degree upstream bevel at the lower edge 

(type B) was superior to that of the Norfork-type gate (type A) which 

had a flat bottom with a slight slope to fit the sealing surface. High 

negative pressures on the gate bottom, considerable gate vibration, and 

crackling sounds characteristic of cavitation were noted for most gate 

openings of the Norfork gate. By contrast, high positive pressures oc

curred over the sloping bottom of the 45-degree gate, resulting in elim

ination of cavitation sounds and in a marked reduction in gate vibration. 

The high positive pressures also resulted in less air demand at partial 

gate openings. 

Tests of long duration at partial gate openings with both test 

gates revealed some cavitation damages to the outer edge of the bronze 

seals on both sides of the gate frame and to the cast steel immediately 

downstream and just under the gate. 



SLIDE GATE TESTS, NORFORK DAM 

NORTH FORK RIVER, ARKANSAS 

Model and Prototype Investigation 

PART I: INTRODUCTION 

The Problem 

1. The need for fine reservoir regulation, together with the 

economy of installing a few large reservoir outlets as opposed to a 

larger number of smaller outlets, makes it desirable to discharge un

der conditions of partial gate openings and high reservoir heads. Op

erating experience at existing structures has revealed undesirable 

downpull, chatter, and vibration of some control gates when subjected 

to long periods of operation under heads greater than 75 ft.* 

2. After studying available information on objectionable per

formance of control gates, the Office, Chief of Engineers, initiated 

a comprehensive gate testing program involving both model and proto

type investigations to develop and test reservoir outlet gates for 

high-head operation. Slide and tainter gates** were selected for de

tailed investigation because of their economy, superior hydraulic per

formance, and structural and mechanical simplicity. The main purpose 

of the test program reported herein was to develop a slide gate which 

could be operated continuously at partial gate openings and under heads 

of 200 ft or more without undesirable cavitation or vibration. 

3. Model tests on a 1:6-scale model of a typical slide gate were 

first undertaken to determine the most satisfactory shape of the bottom 

edge of gate, which would later be tested under prototype conditions. 

The prototype tests were considered highly desirable because of the 

* Missouri River Division, Corps of Engineers, Survey of Hydraulic Con
trol Works, 25 April 1947. 

** Waterways Experiment Station, Corps of Engineers, Tainter Gate Tests, 
Norfork Dam, Technical Memorandum No. 2-387, June 1954. 
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large number or slide gates planned ror future installation in Corps or 
Engineers structures. 

4. The model data obtained consist or pressure measurements on 

six shapes or gate lip obtained by means or 15 to 20 closely spaced 

piezometers. On the basis or the model tests, two gate-lip shapes were 

selected ror further investigation under prototype conditions. 

5. The purpose or the prototype tests was to veriry and extend 

the experimental data obtained on the model ror the two shapes or gate 

lip selected ror prototype testing. In addition to observations or gen

eral hydraulic perrormance or the gates at several partial gate openings, 

measurements were made or pressures on the gate lip and in the conduit 

a small distance downstream or the test gate, vibration or the gate in 

vertical and horizontal (upstream and downstream) directions, strains 

developed near the gate lip, and air requirements. 

Norfork Dam 

6. In view o:f the relatively high heads available, Norfork Dam, 

SCAU; IN WI!.£S 
a • as .. ,. 

Fig. 1. Vicinity map 

located in northern Arkansas on 

the North Fork of the White River 

(fig. 1), was selected as the site 

for the prototype slide gate tests. 

This dam (:frontispiece and plate 1) 

is a concrete gravity structure 

2631 :ft long and 233 :ft high. The 

spillway, located near the le:ft 

abutment, is 568 ft wide and bas a 

crest elevation of 552.* Twelve 

tainter gates, 4o ft wide and 28 

ft high, are installed on the 

spillway crest. The stilling ba

sin, 568 ft wide and 181.5 ft long, 

has a floor elevation of 362. Two 

* All elevations are in :feet above mean sea level. 
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rows of baffle piers 8 ft high and a stepped end sill 6 ft in height are 

located on the basin floor to assist in dissipation of energy contained 

in spillvay and sluice flows • 

1. Eleven flood-control conduits, each 4 ft vide by 6 ft high, 

are provided through the base of the spillvay section. The combined ca

pacity of the conduits with the reservoir at spillvay crest is 21,000 

cfs. Each conduit has a bellmouth entrance with invert at elev 

394.99. The conduits are inclined downward on a constant slope of about 

8-l/2 degrees to an intersection with the stilling basin. Each conduit 

is controlled by two hydraulically operated flat-bottomed gates in tan

dem, the downstream gate being used for normal operation and the upstream 

gate being reserved for emergency operation. The axes of the gate frames 

and leaves are in a vertical plane (plate 2). The gate and air vent 

slots are bevelled as shown on plate 3. The gates are fully vented and 

are operated from control rooms just above each conduit, which are 

reached through an operating gallery with floor elev 404.4. 
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PART II: MODEL TESTS 

Description of Gate Designs Tested 

8 . The model consisted of five 1:6-scale slide gates and one 

Fig . 2 . Test section with bonnet 
installed and type A gate in place 

1:10-scale slide gate installed 

within an existing model con

duit section of Bull Shoals 

Dam . Fig . 2 shows the test 

section with type A gate in 

place . The test section rep

resented a conduit 6 ft high 

by 4 ft wide . The gate slots 

were 11 in . wide, 6-1/8 in. 

deep, and sloped downstream 

from top to bottom on a batter 

of 10 on 1.5 .* Details of the 

over-all model layout are shown 

on plate 4. 

9 . The six gates tested 

were designed jointly by the 

Office, Chief of Engineers, and 

the Little Rock District. Gates 

were fabricated of plastic in 

the model with gate lips shaped as follows: 

a . Type A. This shape was modeled from the prototype slide 
gates now in use at Norfork Dam . It had a l-in . lug on 
the downstream face which was included in a 7-1/2-in . 
bottom bearing surface . Then, after a 1/4-in. rise, a 
surface parallel with the bearing surface extended up
stream to the tangent point of a 2-1/4-in . radius which 
connected it tangentially with the upstream face of the 
gate (plate 5) . 

* At Norfork Dam the conduits slope, and the gate slots are in a verti
cal plane . The model tests were conducted with the conduit horizontal 
to insure symmetrical flow . 
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b. Type B. This shape consisted of a 2-in. bearing surface 
measured from the downstream face of the gate. After a 
1/2-in. rise at the upstream edge of the 2-in. bearing 
surface, a 45-degree slope extended to the tangent point 
of a 12-in. radius which connected tangentially to the up
stream face of the gate (plate 6). 

c. Type C. The type C shape had a 4-in. bearing surface meas
ured from the downstream face of the gate. Then, after a 
1/2-in. rise at the upstream edge of the bearing surface, 
a 6o-degree slope extended to the tangent point of a 12-in. 
radius which connected tangentially to the upstream face 
of the gate (plate 7). 

d. Type D. A l-in. lug on the downstream face of the gate 
was included in a 2-in. bottom bearing surface. Then, 
after a 1/2-in. rise, a surface parallel with the bear
ing surface extended to the upstream face of the gate 
(plate 8). 

e. Type E. The type E lip shape was similar to that of type 
C described previously; the only variation being that 
type E had a 2-in. bearing surface instead of a 4-in. 
bearing surface as in type C (plate 9). 

f. Type F. The type F lip shape was identical to type B, 
the only difference being that it was fabricated to a 
1:10 scale (plate 10). 

Method of Operation 

10. Water used in operation of the model was supplied by centri

fugal pumps connected in such manner as to allow for flexibility of oper

ation. The water was supplied from a large sump, passed through a surge 

tank, through the test section, and back to the sump through a conduit 

(plate 4). Average pressures were measured with large, open, water manom

eters constructed of transparent pyralin and a special mercury gaging de

vice. Discharge was controlled by valves located between the pumps and 

test section, and was measured by venturi meters. Pressure on the system 

was controlled by a valve downstream from the test section. In order to 

prime the piezometers, after the desired gate opening was set, pressure 

was placed on the system forcing water into the air vent to a point above 

the piezometer tubing. After all piezometers were primed, the head was ~et 

by operating the control valve and downstream valve simultaneously. The 
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conduit immediately downstream from the gate flowed partially full for 

all but the 6-ft gate opening. 

Test Results 

Prefatory remarks 

11. Investigation of the six types of gate lip designs involved 

observations of pressures at numerous critical points along the gate lips 

and at several points on the left side of the conduit below the gate 

slots. Pressure observations were made on the 1:6-scale gate lips at the 

following gate openings: 0.25, 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 ft. 

Pressure observations were made on the 1:10-scale model gate lip (type F) 

at gate openings of 0.5, 1.0, 3.0, 5.0, 7.0, and 9.0 ft. Attempts were 

made with the model gate lip of both scales to obtain measurements with 

the pressure at the control piezometer set at 100, 75, 50, and 25 ft of 

water. However, because of the limited capacity of the pumps, the larger 

pressures at the control piezometers could not be obtained at the 6.0-ft 

opening (1:6-scale model) and the 9.0-ft opening (1:10-scale model). 

1:6-scale model gate lips 

12. Tabulations of pressure data for the five different gate lips 

obtained at various openings and heads are included in appendix A to this 

report (tables Al-A4o). Plates 11-20 show plots of average pressure co

efficients obtained; plates 21-24 show the discharge curves for compari

son of the four principal designs tested. Plate 25 is presented for the 

purpose of comparing the five gate shapes tested by means of pressure 

contours plotted on a horizontal projected area of each gate for the most 

critical combinations of heads and gate openings. A comparison of all 

data, both tables and plates, obtained for the types A through E lip de

signs indicates that types A and D had the lowest negative pressure areas, 

and that based on pressure contours the type A areas were lower than those 

of type D. The data further reveal that the steeper front lip designs 

of types B, c, and E produced, in general, similar results in that posi

tive pressure existed under most conditions of operation. Type E (6o
degree bevel) lip shape resulted in the highest uplift pressure recorded. 



7 

1:10-scale model gate lip 

13. To determine the effect of conduit height on pressure condi

tions around slide gate lips a 1:10-scale model of the type B gate lip 

was constructed and designated, for identification purposes, type F gate 

lip. Pressure data obtained with this gate are also included in the 

appendix (tables A41-A46), and plates 26 and 27 show, in curve form, the 

average pressure coefficients. A comparison of plates 26 and 27 with 

plates 13 and 14 reveals that the average pressure coefficients are al

most identical and that pressure behavior around the gate lip of a con

duit 10 ft high is similar to that of a conduit 6 ft high. 

Conduit side pressures 

14. Six l/16-in. piezometers were used for the measurement of pres

sures on the side of the conduit, and were located at various points 

downstream from the gate and on the bevel of the gate slot. The loca

tion of these piezometers is shown on plate 28. Tables A47-A50 of the 

appendix summarize pressures observed on these piezometers at gate open

ings of 3.0, 4.0, and 5.0 ft on the types A, B, c, and D lip designs. 

It can be noted from these tabulated data that types B and C lip designs 

caused much higher positive pressures than types A and D. Also, as the 

gate opening was increased pressures on the gate lip were increased. 

Lowest pressures were observed during tests with the type D gate design 

installed. 

Discussion of Results 

15. Pressure tests conducted on the six gate lip designs showed 

conclusively that the wide, flat-bottomed bearing surfaces of types A 

and D lips were not as desirable as the narrow-bottom bearing surfaces 

of types B, c, and E lip designs. The narrow-bottom bearing surface at 

the downstream edge of the gate permitted use of a steep bevel to an in;.. 

tersection with the upstream face of the gate which resulted in the elim

ination of almost all negative pressures on the gate lip. On the assump

tion that vibration and chattering of slide gates are the result of low 

pressures at the gate lip, the elimination of such pressures should 
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contribute to the stability of the gate at partial openings. Thus, the 

best gate lip shape of those investigated appears to be either type B or 

type E. Type B lip shape was selected for further investigation because 

lip pressures were not only positive but were of such magnitude as to 

prevent an excessive upward thrust. Type B gate lip also had certain 

structural advantages over type E. The one test conducted with the 1:10-

scale model gate did not demonstrate that gate lip pressures were af

fected by the height of the conduit. Type A gate also was selected for 

tests in the prototype to provide comparative data. 

16. Pressures measured on the side of the conduit downstream from 

the gate slot indicated that best conditions would obtain with the type 

B gate lip installed. 



PART III: PROTOTYPE TESTS 

Test Site 

17. Details of the dam and conduits have been described pre

viously in paragraphs 6 and 7 and are presented on plates 1-3. The 

existing service gate of the conduit nearest the powerhouse was re

placed by the test gates for the full-scale tests. With the test

gate sill at elev 390.13 and the reservoir water surface between elev 

550.0 and 550.4, the head on the gates during the tests was approxi

mately 160 ft. 

Test Gates 

9 

18. The first gate lip tested, type A, had a flat bottom with a 

slight slope to fit the bottom sealing surface when closed and the roof 

of the conduit when fully open (existing Norfork-type slide gate). The 

second gate lip tested, type B, had a 45-degree inclined bottom with a 

2-in. sealing surface on the downstream portion of the lip. The 2-in. 

sealing edge is required to keep bearing pressures on the gate seal 

within reasonable limits. A 1/2-in. vertical projection is provided to 

permit machining of the sealing edge without changing the width of bear

ing surface. The detailed dimensions of these gates are shown on plates 

29-32. An airtight chamber in the gate body contained the necessary 

measuring equipment. The change from one test gate to the other in

volved only removal of the oil cylinder lifting mechanism and the gate 

bonnet cover (fig. 3). The em~edded gate frame was not disturbed during 

the test program. 

Instrument Installations and Test Procedures 

19. Data obtained in the prototype tests included average and in

stantaneous pressures on the gates and in the downstream conduit, gate 



Fig. 3. Assembled gate for slide gate tests 
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vibration, strain measurements, and air demand . Apparatus for measuring 

and recording prototype data included SR- 4 strain gages , six channel 

amplifier s , Westinghouse type P.A. recording oscillographs , Brush piezo

electric crystal vibration pickups , e l ectric pressure cel ls, 24- and 100-

in . mercury U- tubes, high-pressur e dial gages, orifice plates , pitot 

tube, and a Velnor air-velocity meter . 

20 . Each gate leaf was ~quipped with facilities for determining 

the pressure distribution on the lip surface by means of piezometers and 

electrical pressure cells (fig . 4 and plates 29-34) . Facilities were 

provided also for determining pressure conditions in the bonnet and on 

the conduit roof immediately downstream from the test gate . The 13 

piezometers in type A gate leaf and the 11 piezometers in type B gate 

leaf, together with a pressure tap in the manhole cover doWnstream from 

the gate and a pressure tap on the gate bonnet, were read with the 

conventional 24- in . , or 100- in . , U- tube with mercury as the gage 

UNDA~AGED CELL 

Fig . 4 . Electrical pressure cells for measuring pressure 
fluctuations on gate lip 
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fluid (fig. 5). Pressures above the range of the 100-in. U-tube were 

recorded with a Bourdon-type dial gage. The electrical pressure cells 

for measurements of pressure fluctuations were located as shown on 

plates 33 and 34. These cells were designed and constructed by the 

Waterways Experiment Station especially for this series of tests. Each 

cell was about 1 in. in diameter, surrounded by a mounting plate approxi

mately 2 in. in diameter. The face of each cell consisted of a thin 

diaphragm to the inner side of which were bonded two SR-4 strain gages. 

As the diaphragm was flexed under pressure or vacuum the electrical re

sistance varied in direct proportion to the amount of deflection. The 

cells were designed for use with pressures ranging from -15 to 75 psi 

and were calibrated prior to installation in the test gate. Recording 

equipment used is shown in fig. 6. 

21. The horizontal and vertical vibrations of each test gate were 

measured with a Brush vibration pickup, a commercial product of the 

Brush Development Company. This instrument is of the inertia type which 

utilizes piezoelectric crystal elements as the generating members. The 

instruments were screwed to studs fastened to the test gates (plates 33 

and 34). Movement of the crystal element in a direction normal to its 

face generated a small voltage that was approximately proportional to 

the acceleration the crystal received when applied to a vibrating body. 

To obtain a displacement record, this acceleration curve was integrated 

twice by an electrical circuit. A permanent record was obtained by using 

the camera attachment of the oscillograph. The camera, loadeu with a 

sensitized recording paper 5 in. wide, could be driven at various speeds. 

This same camera attachment was used to record the pressure fluctuations 

with the pressare cells described in the preceding paragraph. Other 

apparatus used are shown in fig. 7. 

22. The quantity of air required for each test gate at various 

openings was measured by circular orifice plates located on the inlet 

end of a 20-in. steel pipe specially constructed to extend the air vent 

to the top of dam thereby facilitating measurements (fig. 8 and plates 

35 and 36). A pressure tap was located 1 in. below the orifice plate 

and the differential between atmospheric and tap pressures was recorded 



Fig. 5. Measuring equipment to obtain pressures on front face of slide 
gate by piezometric method 



Fig. 6. Apparatus for measuring and recording resistance change in SR-4 
strain gages (pressure cells) . Shown are t vo 6- channel amplifiers 

and t vo Westinghouse type P .A. recording oscillographs 



Fig . 7. Apparatus for recording vibration of the test gate . Reading from left to right : general radio 
vibration analyzer, cathode ray oscilloscope, two televiso ' s vibrometers . Front row : 

calibration device for vibrometers and vacuum tube voltmeter 



LOMETER LEADS 

Fig . 8 . 20-in . air vent extension pipe with circular 
orifice plate installed 
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by a U-tube manometer with water as the gage fluid. The orifice plates 

were of the square-edged type with diameters selected to give orifice 

areas equal to 75, 50, and 25 per cent of the area of the 20-in.-diameter 

air vent extension. The method recommended by the American Society of 

Mechanical Engineers in its publication entitled "Flow Measurement," 

dated 1940, was used in transforming manometer readings to rate of air 

flow. A constant coefficient of discharge of 0.6 was assumed. Attempts 

were also made to measure air quantities with a commercial-type air 

velometer and a pitot tube. Both methods were abandoned, however, in 

favor of the inlet-type orifice plate. 

23. Strain measurements were attempted by SR-4 strain gages mounted 

at strategic points on the inside of the gate in a watertight compart

ment. Any bending movement of the gate on which the gage was mounted 

resulted in a corresponding deformation of the gage and a change in the 

electrical resistance of the gage. The change in electrical resistance 

was related to stress in the gate members and thus to bending forces. 

24. The desired data were recorded for gate openings of 0.25, 0.5, 

1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 ft. Air demand data were also recorded 

for various sizes of orifices located on top of the 20-in.-diameter ex

tension to the air vents. These orifices had diameters of 20 in. (full 

vent area), 17.32 in. (75 per cent vent area), 14.4 in. (50 per cent 

vent area), and 10 in. (25 per cent vent area). Although the orifices 

resulted in a reduction in inlet area of the 20-in.-diameter riser pipe, 

they did not give results similar to those that would obtain had the 

entire air vent been reduced in the same proportion. However, as the 

diameter of the orifice was reduced it did result in increased losses 

at the entrance to the air vent, thereby throttling the vent to some 

extent. The effect of this throttling resulted in changed hydraulic per

formance of the slide gate. Piezometer readings were recorded for all 

conditions of vent opening, but pressure cell, strain, and vibration 

measurements were obtained only for the unrestricted vent and the smallest 

diameter orifice (25 per cent). 

25. The general test procedure followed consisted in securing a 

set of pressure readings, both piezometric and. electric, and measuring 
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vibration, strain, and air demand for the smallest gate opening and then 

proceeding to the next larger gate opening where the procedure was re

peated. After the gate was completely opened, it was closed in 1-ft in

crements and similar measurements were obtained as a check on those ob

tained during the opening procedure. It was not possible to make dis

charge measurements for the various gate openings. However, a computed 

pool-discharge relation curve for one gate fully open is included (plate 

37) for reference purposes. 

Test Results 

General hydraulic performance 

26. Observation of the general hydraulic performance of the test 

gates and of the emergency gate upstream revealed some interesting facts. 

As the emergency gate was raised or lowered the motion was made in a 

series of short jerks accompanied by sharp metallic pinging and hammering 

sounds. Based on an earlier inspection of the gate seals by the gate 

manufacturer, it was concluded that the irregular emergency gate move

ment was due to clamping action caused by a wavy surface finish on the 

gate seals. This action was minimized on the service and test gates by 

lubricating the sliding-contact surfaces with a heavy coat of waterproof 

grease. Corresponding surfaces for the emergency gate could not be lu

bricated, but the action could be minimized by operating the gate at a 

slow rate of movement. Even though seals of both test gates were greased, 

type B gate appeared to operate more smoothly with less sound effects 

than did type A, especially when the air vents were throttled. The 

greatest vertical vibration for each gate appeared to occur at a gate 

opening of 80 to 90 per cent of the conduit height. This same character

istic was observed in the model tests of other gate designs conducted at 

the Waterways Experiment Station. 

27. The manhole cover in the roof of the conduit downstream from 

the gate (plate 2) was removed to observe flow conditions in the conduit 

downstream from the gates. It was observed that for small gate openings 

the flow was rough and concentrated in the center of the conduit with 
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considerable spray along the side walls. This is attributed to the 

curved upstream face of the gate. Excessive spray at the manhole and 

high-velocity air flow through the manhole into the conduit made obser

vations impossible at openings in excess of 2 ft. 

Average pressure measurements 

28. Measurements of average pressures for various gate openings 

and air vent conditions, as determined on types A and B gates by means 

of piezometers, are presented in tables 1-10. In any analysis of these 

data, cognizance should be taken of the fact that for gate openings 

larger than about 5 ft some piezometers were located in the gate well 

above the conduit roof. For comparison with model results it will be 

necessary to convert the prototype data to pressure coefficients and 

compare with the plots presented on plates .11-14. 

29. Plots of the pressure data presented in tables 2 and 7 are 

shown on plates 38-41. These plots reveal superior pressure conditions 

for type B gate, for which pressures were positive along the entire gate 

lip with the exception of the 2-in. sealing strip at the base. There, 

flow was deflected free from the 2-in. sealing strip by the 1/2-in. ver

tical projection at the base (plate 32) and small negative pressures 

occurred, being substantially equal in magnitude to the conduit pres

sures. Pressures were negative on the under side of type A gate for all 

gate openings except those less than 0.5 ft and full gate opening. 

30. Pressures measured at the manhole cover on the roof of the con

duit about 5 ft downstream from the test gate are shown on plate 42. 

These data also indicate the superiority of type B gate. In general, 

negative pressures in the conduit were more nearly constant and of 

smaller magnitude for type B gate. Throttling the air vent resulted in 

slightly increased negative pressures in the conduit. The low pressures 

at 0.75-ft gate opening for type A gate are attributed to the unfavorable 

shape of the gate bottom. Low pressures which occurred between 5.0- and 

6.0-ft gate openings for both gates were due to the downstream conduit 

being nearly filled with water, resulting in maximum air requirement. 

The pressures recorded on the roof of the conduit were in each instance 

about the same as those observed on the bottom of type A gate and on the 



20 

2-in. sealing edge of type B gate. Maximum negative pressures on the two 

test gates occurred at these locations. 

31. Pressures recorded in the bonnet for type A and B gates are 

presented on plate 43. The low bonnet pressures, as compared to the head 

on the gate, for openings in excess of 0.5 ft were caused by the clear

ance in the gate well on the downstream side of the gate being consider

ably larger than on the upstream side, resulting in low water levels in 

the gate well. The high pressure for a gate opening of 0.25 ft was caused 

by the top of the gate being in contact with the downstream seal when gate 

openings were small. 

Instantaneous pressure measurements 

32. Results of instantaneous pressure measurements recorded with 

electrical pressure cells in type B gate are shown in tables 11-19 and 

on plate 44. Maximum, minimum, and observed average pressures are pre

sented as taken from oscillograph records. All pressures were positive 

except on the base of the 2-in. sealing strip where a pressure of -21 ft 

was recorded at a 0.25-ft gate opening (table 11). Comparisons of ob

served average pressures as determined by pressure cells in type B gate 

with those recorded by piezometers for several gate openings and two air 

vent conditions are shown in tables 11-19 and on plate 44. These data re

veal reasonable agreement between the two methods. 

33. Pressure cell data are not presented for type A gate. While 

two attempts were made to measure pressure fluctuations for type A gate, 

in each attempt all cells on the underside of the gate (plate 33) were 

damaged._ The diaphragm of the cell failed by being forced inward (fig. 

4). Tests on a similar type cell in the laboratory revealed that the cell 

could be subjected to a steady pressure of about 490 psi before failure. 

Since this is about 7.5 times the head of water at Norfork Dam, it was 

concluded that the cell failures were caused by extremely high instantan

eous pressures resulting from collapse of cavitation pockets, or from high

frequency pressure changes set up by vibration of the gate. Thus, further 

attempts to record pressure fluctuations on type A gate were abandoned. 

Vibration of test gates 

34. Vibrations, both in horizontal (upstream and downstream) and 
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vertical planes for each test gate were constant, for the most part, 

throughout the full range of gate openings (plates 45 and 46). The vi

bration data represent only relative vibration; that is, the relative 

vibration scale of each plot is based on percentages of the maximum am

plitude of recorded vibration, which occurred in the horizontal plane for 

type A gate. The determination of vibration amplitude in terms of dimen

sional quantities was beyond the capabilities of the test equipment. Vi

bration in the vertical plane was somewhat less pronounced for type B 

gate. In the horizontal plane, vibration of type B gate was considerably 

less than that of type A gate. The vibration measurements provide addi

tional evidence of the superiority of type B gate. 

35. Frequency of vibration of the types A and B gates varied as the 

gate opening and vent opening was altered. In general, however, fre

quency of vibration in a vertical direction was about 20 and 70 cps for 

types A and B gates, respectively; the natural period of vibration of 

each gate was about 100 cps. 

Air demand 

36. The equipment and methods for measuring air demand have been 

previously described in paragraph 22. For type A gate, maximum points 

of air demand occurred at gate openings of 0.75 ft and 5 ft (plate 47). 

These gate openings correspond to those for which pressures on the roof 

of the downstream conduit were most critical (plate 42). For type B 

gate, air demand gradually increased as the gate was opened, reaching a 

maximum at a 5-ft opening (plate 48). Maximum air demands were 323 and 

290 cfs for types A and B gates, respectively. For both gates, air de

mand gradually reduced to zero between gate openings of 5 and 6 ft as 

conduit flow changed from partly full to full. Also, for both gates, 

large air demands occurred at a gate opening of 0.25 ft, which probably 

results from a combination of spray filling the downstream conduit at 

small gate openings and submergence of the conduit exit by high tailwater 

during small conduit flows. The spray action caused maximum air entrain

ment and the submerged exit prevented part of the air demand from being 

supplied at the conduit exit. 

37. In analysis of the air demand data, it should be noted, as 
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stated in paragraph 24, that a reduction in orifice size does not result 

in a similar reduction in air vent size. Air demand data would be most 

useful if the quantity of air could be related to a vent of uniform size. 

Effect of air demand on gate performance 

38. The effect of throttling the air supply downstream from the 

gate is shown by the pressure and vibration data referred to previously. 

Reduction in air supply, within the limits tested, resulted in only small

reductions in pressures on the two gates tested and in the downstream 

conduit. In general, vibration of both gates in the vertical and hori

zontal planes increased with reduced air supply, the effect being more 

pronounced for type A gate. Vibration of type A gate with the 25 per 

cent orifice installed indicated that further reduction in air demand 

would be undesirable, if not unsafe. 

Strain measurements 

39. An attempt was made by the Structural Branch, Little Rock Dis

trict, to analyze the strain gage measurements to evaluate stresses in 

the structural members near the bottom of type A gate. Strain gage meas

urements were not obtained for type B gate and only a limited number of 

measurements were obtained for type A gate because of trouble experienced 

with condensation inside the watertight chamber and consequent shorting 

of the electrical strain gages. The initial data procured at location 

A in the type A gate (plate 33) indicated comparative stresses about as 

expected. They were 50 per cent higher than the stress calculated for 

the static water load, which indicates a considerable impact factor. 

Data procured during a check run, however, indicated compressive stresses 

nearly twice as large as for the initial test. Pressure data for loca

tion B were erratic and did not give definite results. Since no strain 

gage results were obtained for type B gate nor for the lower part of type 

A gate (locations C and D), and the results obtained could not be ana

lyzed to present dependable data, none of the results have been included 

in this report. 

Cavitation 

40. All measurements and observations pointed to the presence of 

cavitation phenomena with the type A gate installed and the elimination 



23 

or reduction of such phenomena by use of the type B gate . Following tests 

of the two gates , both gates were operated at partial opening for an ex

tended period of time to investigate possible cavitation effects . Opera

tion of the gates was in accordance with the following schedule . 

Time of Operation in Hours 
Gate Opening, ft Type A Gate Type B Gate 

1.5 202 345 

3 . 0 163 

5 .o 191 96 

41 . Examination of the conduit after flow at the 1 . 5-ft gate open

ing revealed that , with the type A gate , considerable cavitation occurred 

on both sides of the gate frame seals and immediately downstream from the 

seals at the 1 . 5-ft mark (fig . 9) . The entire bottom babbit seal was 

removed and cavitation occurred approximately 1 . 5 ft dovnstream in the 

conduit lining . For the 5-ft gate opening only slight cavitation pitting 

along the sides of the gate frame at the 5-ft mark vas noted . 

Fig . 9 . Considerable cavitation effects can be seen on both sides 
of and downstream from gate frame seals of type A gate 

after 202 hours of flow at 1 .5-ft gate opening 
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42 . With the type B gate set at an opening of 1 .5 ft, slight cavi

tation pitting was noted along the outer edge of the bronze seals on both 

sides of the gate frame with slightly more pitting in the cast steel im

mediately downstream and just under the gate . Several other areas showed 

evidence of paint having been removed and the shiny metal exposed (fig . 

10) . There was no apparent wear or pitting of the gate leaf . At gate 

openings of 3 and 5 ft only slight polishing of the bronze seal was noted . 

Fig . 10 . Slight cavitation effects are apparent in cast 
steel under t~~e B gate and immediately downstream af

ter 345 hours of flow at 1 .5- ft gate opening 

Conclusions 

43 . On the basis of the test results presented in previous para

graphs, the following conclusions appear justified: 

a . The over-all hydraulic performance of type B gate (45 -degree 
lip shape) was far superior to type A gate (flat-bottomed, 
existing Norfork gate) at partial gate openings . 

b . Based on the pressure data, hydraulic downpull of consid
erable magnitude occurred on the bottom of type A gate and 
hydraulic uplift occurred on the bottom of type B gate . 
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(Total gate loads are increased and decreased by hydraulic 
downpull and uplift, respectively.) 

Instantaneous pressure fluctuations were considerably 
smaller in magnitude for type B gate. 

Vibrations in the vertical direction were comparatively 
small for both gates, being somewhat smaller for type B 
gate. Vibration magnitudes in the horizontal direction 
(upstream and downstream) for type A gate were approxi
mately five times the corresponding magnitudes for type B 
gate. (The large horizontal vibration of type A gate is 
attributed to the unstable pressures on the bottom of the 
gate.) 

Air demand was greater for type A gate, probably as a re
sult of low pressures on the gate bottom and rougher flow 
conditions under the gate. Although air demand varied con
siderably with gate opening for both gates, in general type 
B gate required less air and the air demand varied more 
uniformly with gate opening. 

In general, negative pressures in the conduit downstream 
of the gate were increased when the air supply was reduced. 

Downward hydraulic loads on top of type A gate, as indi
cated by bonnet pressures, were small (7 to 21 per cent of 
the head on the gate) for gate openings of 0.5 ft or 
greater, when the top of gate was not in contact with the 
downstream seal. Downward hydraulic loads on top of type 
B gate were slightly higher (25 to 35 per cent of the head 
on the gate) for gate openings in excess of 2 ft. 

Cavitation probably occurred 100 per cent of the time on 
the bottom of type A gate for most gate openings, whereas 
cavitation did not occur on the bottom of type B gate. 
Cavitation pitting of the seals and the steel liner down
stream occurred with both type gates installed although to 
a lesser degree with the type B gate. The smaller openings 
appeared to cause more pitting than the larger openings. 



Table 1 

PIEZOMETER ElEVATIONS -- TYPE A GATE 

Pie-
zometer Gate Opening in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5.0 b.O --

1 390.6 390.8 391.3 392.3 393.3 394.3 395.3 396.3* 

2 390.5 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

3 390.1 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

4 390.4 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

5 390.4 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

6 390.4 390.6 391.1 392.1 393.1 394.1 395.1 396.1 

7 390.4 390.6 391.1 392.1 393.1 394.1 395.1 396.1 

8 390.4 390.6 391.1 392.1 393.1 394.1 395.1 396.1 

9 390.6 390.8 391.3 392.3 393.3 394.3 395·3 396.3* 

10 390.4 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

11 390.4 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

12 390.4 390.6 391.1 392.1 393.1 394.1 395.1 396.1 

13 390.4 390.6 391.1 392.1 393.1 394.1 395.1 396.1 

NOTES: Piezometer locations are shown on plate 29. 
All piezometers marked by asterisk(*) are located in the gate 
well for particular opening indicated. 



Table 2 

PRESSURE DATA -- TYPE A GATE 
·Air Vent Unrestricted 

Piez Gate O~enins in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5.0 b.O 

1 130.6 95.8 71.3 53.1 48.1 61.7 80.3 21.4·* 
97.4 71.1 53.1 48.5 59-3 75-5 

2 58-7 -6.0 -7.2 -7·7 -9.2 -10.3 -12.4 76.7 
-10.5 -10.5 -9.1 -12.0 -3.9 0.8 

3 40.5 -9.2 -7.8 -8.9 -10.1 -8.2 -9·5 19.6 
-10.6 -10.6 -9-7 -11.9 -10.7 -11.0 

4 75-8 -10.7 -7.1 -7.8 -8.7 -6.3 -7.3 29.6 
-10.1 -10.2 -10.2 -11.7 -7.6 -8.0 

5 100.3 51.5 -5.4 -8.4 -7.4 -5.2 -7.3 50.8 
63.3 -10.5 -9.0 -9.2 -6.3 -8.2 

6 -9.9 -3.9 o.o -2.0 -2.4 3·9 0.1 -8.3 
-8.6 -3-3 -2.1 -3.9 0.9 0.7 

7 -9.9 9.4 -2.4 -7.0 -7·5 -3·7 -6.5 -12.2 
19.4 -8.9 -7.3 -8.9 -6.3 -7.2 

8 14.1 1.0 -0.1 -4.3 -5.4 -2.9 -5.2 17.4 
11.3 -1.6 -4.7 -5.8 4.2 -5.5 

9 122.2 69.1 42.0 20.6 19.2 28.3 46.0 14.2·* 
48.1 42.5 24.0 20.5 30.6 45.8 

10 29.9 -9·7 -8.3 -10.8 -11.2 -11.4 -13.5 53.0 
-10.4 -10.2 -11.1 -12.3 -11.8 -14.3 

11 82.9 -10.1 -8.3 -8.8 -9.8 -9-7 -11.5 50.8 
-10.2 -10.7 -11.6 -12.3 -11.1 -14.0 

12 34.2 -10.1 30.6 -7-7 -9.0 -8.5 8.6 -12.8 
-10.2 44.2 -11.6 -12.4 -9.4 6.9 

13 40.2 6.6 -6.7 3.0 -1.4 2.4 -5.0 18.2 
·11.4 -5.6 2.5 -0.9 -2.5 -5.1 

NOTES: Piezometer locations are shown on plate 29. Piezometer zeros are 
shown in table 1. Pressures are recorded in feet of water. Res-
ervoir elevations 550.2 msl. All piezometers marked by asterisk 
(*) are located in gate well for particular opening indicated. 



Table 3 

PRESSURE DATA -- TYPE A GATE 
Air Vent Restricted B,y 75 Per Cent Orifice 

Piez Gate Opening in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5·0 -

1 131.5 96.3 70.8 52.6 48.9 60.6 84.4 

2 55.6 -8.8 -7.9 -9.2 -10.8 -11.1 -12.5 

3 37·7 -9.4 -8.4 -9.9 -12.3 -8.5 -10.6 

4 73.1 -8.5 -7.6 -8.1 -10.7 -5.7 -8.7 

5 98.7 55.0 -4.6 -7.2 . -8.4 -5·7 -8.5 

6 -8.2 -4.5 -2.9 -2.6 -3.6 4.3 1.2 

7 -8.2 18.7 -3.0 -6.5 -8.4 -3.8 -6.6 

8 12.0 10.2 -0.3 -4.8 -6.7 -3.0 -6.6 

9 119.2 67.2 42.1 22.5 20.0 26.7 45.1 

10 26.0 -7.9 -8.5 -9.4 -10.4 -10.9 -11.9 

11 .79 .4 -8.8 -9.9 .-10.4 -10.5 -11.4 -12.0 

12 36.0 -7.8 37.2 -9.0 -9.2 -9.5 -8.2 

13 41.0 3.6 -7·7 0.2 -2.7 -0.9 -5 ·3 

NOTES: Piezometer locations are shown on plate 29. Piezometer zeros are 
shown in table 1. Pressures are recorded in feet of water. Res-
ervoir elevation 550.0 msl. 



Table 4 

PRESSURE DATA -- TYPE A GATE 
Air Vent Restricted By 50 Per Cent Orifice 

Piez . Gate Opening in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5.0 

1 131.5 96.1 71.5 54.2 48.8 61.1 79.4 
97.0 70.8 52.5 48.8 61.6 80.0 

2 58.1 -7.9 -8.6 -9.8 -11.9 -13.4 -13.2 
-10.0 -10.7 -10.6 -12.5 -10.9 -12.8 

3 39·3 -9.2 -9.8 -11.2 -12.1 -6.1 -12.6 
-10.4 -10.6 -11.3 -12.5 -9.3 -9.3 

4 73.6 -10.1 -9.2 -10.0 -12.2 -5.2 -10.2 
-10.4 -10.5 -10.8 -12.1 -7.6 -9.7 

5 99.4 59.3 -4.3 -9.0 -11.9 -4.3 -9.1 
64.0 -7.2 -10.0 -9.5 -6.9 -8.5 

6 -9.3 -8.2 0.0 -3.1 -3.1 3.9 -0.3 
-9.2 -·5 .1 -2.0 -2.4 3·9 0.3 

7 -9.5 19.7 -3.6 -6.5 -9.2 -3.2 -6.9 
13.3 -5.9 -7 .o -8.7 -3.8 -7.2 

8 12.5 10.9 -1.1 -5.1 -7.1 -3.2 -6.9 
11.5 -2.1 -4.8 -6.2 -3.3 -7.2 

9 121.4 68.8 41.~- 24.0 19.6 26.2 44.4 
70.1 41.6 23.2 20.2 28.0 46.6 

10 29.3 -10.0 -9.0 -10.8 -11.7 -13.6 -9.3 
-10.5 -10.0 -11.5 -11.4 -12.8 -12.7 

11 81.5 -10.2 -10.2 -11.2 -11.7 -12.8 -13.6 
-10.4 -10.3 -11.9 -12.4 -11.7 -13.6 

12 37.9 -10.2 37·9 -10.4 -11.0 -9.9 11.5 
-10.4 39.7 -11.7 -11.1 -9.4 -10.9 

13 40.9 ":.5 -5.8 -0.3 -2.7 -0.6 -6.6 
11.1 -5 ·5 3.2 -2.9 -1-.4 -6.6 

NOTES: Piezometer locations are shown on plate 29. Piezometer zeros are 
shown in table 1. Pressures are recorded in feet of water. Res-
ervoir elevation 550.0 msl. 



Table 5 

PRESSURE DATA -- TYPE A GATE 
Air Vent Restricted B,y 25 Per Cent Orifice 

Piez Gate Opening in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 2:.Q_ 6.0 -- -- --

1 131.0 96.6 71.3 53·7 48.7 61.7 80.1 21.7* 
97·7 70.7 52.4 47.2 56.8 84.7 

2 58.3 -10.4 -10.7 -11.8 -12.6 -11.1 -10.5 78.4 
-10.0 -10.6 -11.2 -12.5 -11.4 -10.7 

3 39.9 -10.6 -10.9 -11.7 -12.7 -11.0 -12.4 18.7 
-10.5 -11.0 -11.7 -12.6 -11.6. -12.4 

4 73.9 -10.6 -10.6 -11.8 -12.4 -9.9 -10.7 30.3 
----- -10.5 -10.'7 -11.6 -12.6 -11.9 -10.2 

5 99.5 56.6 -8.6 -10.7 -11.3 -8.5 -8.9 55.0 
63.6 -10.5 -10.8 -11.7 -10.0 -10 ,1~ 

6 -9.9 -8.3 -2.1 -2.5 -2.9 -3.7 -2.7 -10.0 
-8.6 -5.1 -3.9 -2.9 -0.8 -1.5 

7 -10.0 19.5 -5.9 -7.9 -8.9 -7.4 -8.7 -8.4 
13.7 -7.2 -8.3 -9.1 -6.5 -9.2 

8 12.2 10.5 -0.3 -4.1 -7.1 -5 ·7 -8.7 14.8 
11.3 -0.8 -4.6 -6 ·5 -5.2 -9.2 

9 120.2 67.8 41.1+ 23.1 21.0 28.5 42.7 14.0* 
69.5 42.0 24.2 20.9 28.2 46.7 

10 28.1 -10.5 -10.6 -11.7 -12.7 -11.9 -12.7 52.9 
-10.2 -10.6 -11.2 -12.6 -12.7 -13.5 

11 81.0 -11.1 -10.6 -11.7 -12.7 -11.9 -11.6 51.7 
-10.4 -10.9 -11.7 -12.6 -12.7 -14.1 

12 37.4 -10.3 42.2 -11.9 -12.7 -9.7 4.6 -6.0 
-10.3 39.7 -11.7 -12.6 -11.5 -11.8 

13 41.1 4.0 -4.7 -0.1 -2.2 -1.2 -8.4 18.1 
-10.6 -3.5 2.3 -2.1 -2.0 ·-8.7 

NOTES: Piezometer locations are shown on plate 29. Piezometer zeros are 
shown in table 1. Pressures are recorded in feet of water. Res-
ervoir elevation 550,2 msl. All piezometers marked by asterisk 
(*) are located in the gate well for particular opening indicated. 



Table 6 

PIEZOMETER ELEVATIONS -- TYPE B GATE 

Pie-
zometer Gate Opening in Feet 
Number 0.25 0.50 l.O 2.0 3.0 4.0 5.0 6,0 

l 391.8 392.0 392.5 393.5 394.5 395.5 396.5* 397·:5* 

2 391.4 391.6 392.1 393.1 394.1 395.1 396.1 397.1* 

3 391.0 391.3 391.8 392.8 393.8 394.8 395.8 396.8* 

4 390.9 391.1 391.6 392.6 393.6 394.6 395.6 396.6* 

5 -390.7 390.9 391.4 392.4 393.4 394.4 395.4 396.4* 

6 390.5 390.8 391.3 392.3 393.3 394.3 395.3 396.3* 

7 390.4 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

8 391.7 392.0 392.5 393·5 394.5 395.5 396.5* 397·5* 

9 391.3 391.5 392.0 393.0 394.0 395.0 396.0 397.0* 

10 390.9 391.1 391.6 392.6 393.6 394.6 395.6 396.6* 

ll 390.4 390.7 391.2 392.2 393.2 394.2 395.2 396.2 

NOTES: Piezometer locations shown on plate 32. 
All piezometers marked by asterisk (*) are located in the gate 
well for particular opening indicated. 



Table 7 

PRESSURE DATA -- TYPE B GATE 
Air Vent Unrestricted 

Piez Gate Opening in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5.0 6.0 --. 

1 158.0 152.9 143.4 130.8 124.1 131.2 34.4* 14.9* 
156.4 152.5 142.7 132.2 130.1 140.6 39.8 0.1 

2 153.8 143.8 123.2 101.5 88.6 101.9 123.7 27 .6* 
153.6 142.2 123.0 101.3 93.4 105.2 129.2 8.5* 

3 153·9 139.8 111.4 94.8 83.0 84.7 103.6 9.9* 
151.6 137.2 120.9 95.0 83.6 86.4 103.3 -1.0* 

4 148.3 134.6 119.5 97·7 85.9 85.8 95.3 11.5* 
148.1 133·7. 119.0 96.5 86.2 85.8 94.8 0.8* 

5 142.5 127 .o 114.2 96.8 87.4 85.3 88.9 52.1* 
142.3 126.5 113.8 95.6 87.2 85.1 88.2 25.7* 

6 138.9 128.1 121.9 111.2 107.4 105.6 97.8 89.7* 
138.5 127.2 121.9 109.9 105.6 103.6 99.3 40.1* 

7 -2.7 -0.2 -1.1 -1.8 -1.7 0.4 -3.0 -12.8 
-2.6 0.2 -1.2 -2.1 -2.2 -1.8 -3.3 -13.7 

8 153·9 146.3 129.6 115.2 112.6 117.8 107 .9* 19.0* 
153·9 145·4 129.8 115.4 114.0 119.9 109.0* 4.9* 

9 147 .o 126.2 98.2 60.1 53.4 59.2 85.9 15.4* 
147.0 125.9 98.2 59.8 51.8 61.8 88.5 0.8* 

10 141.6 120.9 92.5 64.1 54.8 48.9 50.8 13.0* 
141.4 117.3 93·7 63.0 55.0 50.2 52.7 1.3* 

11 -8.3 17.9 10.6 -7.1 -11.0 27.7 20.9* -7.2 
11.3 0.1 1.3 -1.7 30.5 22.3* -11.9 

NOTES: Piezometer locations shown on plate 32. Piezometer zeros are 
shown in table 6. Pressures are recorded in feet of water. Res-
ervoir elevation 550.4 msl. All piezometers marked by asterisk 
(*) are located in the gate well for particular opening indicated. 



Table 8 

PRESSURE DATA -- TYPE B GATE 
Air Vent Restricted ~ 75 Per Cent Orifice 

Piez Gate Opening in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5.0 

l 136.5 151.1 142.0 l3l.l 129.9 l37.4 27-5* 
150.8 l42.9 l30.2 136.2 31.6* 

2 l33-l 142.2 l39.0 l0l.5 94.2 106.1' 129.4 
142.2 128.1 l0l.3 107.9 116.7 

3 129.6 137-2 120.8 94.5 84.2 85.5 105.6 
137.0 120.9 94.5 87.2 103.8 

4 127 .l 133-5 ll8.8 96.4 86.2 85.6 96.9 
133-3 119.0 96.5 85.8 105.4 

5 120.1 130.8 ll3.4 95.6 87 .l 84.7 89.6 
l3l.2 113-7 95.4 84.5 88.2 

6 ll7-3 127.4 12l.6 ll0.2 105.6 103.8 l0l.2 
l27 .4 121.7 lll.4 103.8 97-5 

7 -3.1 -1.1 -1.4 -3.8 -1.8 -2.0 -3-3 
-0.8 -l.4 -3.9 -2.0 -3.7 

8 l34.2 144.2 129.l ll5.3 111.6 114.9 102.9* 
146.0 130.8 ll5.6 117.3 105.9* 

9 126.4 l29.9 98.3 58-7 49.7 61.4 84.6 
130.4 99.8 60.5 61.3 86.8 

10 l20.6 121.0 92.8 62.5 51.9 49.2 50.7 
l21.8 94.8 64.2 49.3 50.5 

NOTES: Piezometer locations shown on plate 32. Piezometer zeros are 
shown on table 6. Pressures are recorded in feet of water. Res-
ervoir elevation 550.1 msl. All piezometers marked by asterisk 
(*) are located in the gate well for particular opening indicated. 



Table 9 

PRESSURE DATA -- TYPE B GATE 
Air Vent Restricted By 50 Per Cent Orifice 

Piez Gate Opening in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5.0 --

1 156.2 152.5 143.4 129.0 128.9 135-7 40.5* 
152.7 143.2 130.6 129.9 132.1 35·7* 

2 153.6 142.5' 123.7 103.0 93.4 104.0 115.9 
143.3 128.2 101.9 95·3 107.2 121.1 

3 150.2 137.0 121.2 95.2 83.7 86.0 100.2 
137·7 121.2 94.8 84.2 87.3 101.6 

4 147.6 133-5 119.1 96.1 86.1 85.7 93.0 
135.6 119.2 96.6 86.2 35.9 93.6 

5 141.6 126.3 113.6 95.1 86.5 85.5 87.5 
126.5 113.8 95.3 86.9 84.9 88.2 

6 143.1 127.1 121.6 110.3 105.2 104.6 98.7 
127.1 126.5 110.8 105.8 103.8 100.3 

7 -3.1 -0.3 -1.4 -1.6 -2.0 -2.3 -4.2 
-0.3 -1.4 -1.5 -1.5 -1.9 -4.2 

8 153-9 145.4 129.8 117.9 112.8 119.1 106.8* 
145.8 131.2 115.9 113.5 121.1 104.8* 

9 146.8 125.7 97·7 60.5 54.9 60.1 85.4 
125.7 99.1 60.9 52.3 61.8 87.3 

10 140.3 120.7 93.0 64.1 53.0 49.2 50.7 
121.7 94.4 63.8 54.1 49.5 50.8 

11 10.3 11.4 1.1 8.5 -9.7 23.6 114.2 
12.4 6.2 -0.8 -3.5 24.0 11.9 

NOTES: Piezometer locations are shown -on plate 32. Piezometer zeros are 
shown in table 6. Pressures are recorded in feet of water. Res-
ervoir elevation 550.1 msl. All piezometers marked by asterisk 
(*) are located in gate well for particular opening indicated. 



Table 10 

PRESSURE DATA -- TYPE B GATE 
Air Vent Restricted By 25 Per Cent OrifiCe 

Piez Gate O:penins in Feet 
Number 0.25 0.50 1.0 2.0 3.0 4.0 5.0 

1 156.2 151.8 143.2 130.2 130.3 138.3 32.1* 
151.6 142.9 130.4 129.9 135.6 27 .9* 

2 153.3 142.5 128.2 101.1 92.8 110.5 121.0 
142.5 .128.4 101.5 94.2 106.5 124.3 

3 150.2 137.0 121.0 94.4 83.0 86.3 102.6 
137.2 121.3 94.7 83.4 86.7 103.0 

4 147.6 133·5 119.1 96.4 85.9 85.6 94.2 
133.3 119.1 

, 
96.5 86.1 85.8 94.2 

5 141.3 131.0 113.7 95.4 86.5 8!+.6 89.9 
131.2 114.0 95.4 87.0 84.7 86.6 

6 142.9 127.4 122.0 110.5 105.9 104.7 97·5 
127.1 121.9 110.8 105.7 103.5 98.2 

7 -3.5 -0.4 -1.4 -2.7 -2.5 -2.5 -6.5 
-0.6 -1.4 -1.3 -1.9 -2.4 -6.4 

8 153.5 145.4 129.6 115.4 112.1 117·7 105.3* 
145.8 131.0 115.4 112.8 116.9 106.7* 

9 147.2 130.2 97.4 61.0 50.9 61.7 85.4 
130.6 99.4 60.3 51.1 62.4 84.2 

10 142.3 120.7 93.6 62.6 52.1 49.5 49.2 
121.8 94.5 63.3 52.9 50.1 49.0 

11 -9.8 11.0 11.7 -1.6 -1.6 24.5 12.7 
15.0 22.9 -6.8 -2.4 27.6 12.9 

NOTES: Piezometer locations shown on plate 32. Piezometer zeros are 
shown on table 6. Pressures are recorded in feet of water. Res-
ervoir elevation 550.1 msl. All piezometers marked by asterisk 
(*) are located in gate well for particular opening indicated. 



Pressure 
Cell 
No. 
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2 
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2 

3 

4 

5 

6 
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Table 11 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 0.25 Ft 

Maximum 

166.5 

175·5 

142.6 

133.4 

-12.3 

Minimum Average 

Air Vent Unrestricted 

144.3 

151.5 

133.0 

126.9 

-21.1 

155·5 

164.0 

138.0 

129.9 

-15.9 

Air Vent Restricted By 25 Per Cent Orifice 

157.1 

170.3 

149.3 

146.7 

149.2 

127.3 

-4.3 

136.8 

146.7 

130.1 

139.4 

126.4 

119.9 

-9.5 

146.5 

156.7 

139·5 

143.7 

137.6 

123.3 

-6.9 

Piezometric 
Pressure 

157.2 

153·7 

152.8 

148.2 

142.4 

138.7 

-2.7 

156.2 

153.3 

150.2 

147.6 

141.3 

142.9 

-3.5 

NOTE: Pressure cell locations shown on plate 34. Piezometer locations 
are shown on plate 32. Piezometer zeros shown on table 6. Pres
sures are recorded in feet of water. Reservoir elevation 550.2 
msl. 



Table 12 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 0.5 Ft 

Pressure 
Cell Piezometric 

No. Maximum Minimum Average Pressure 

Air Vent Unrestricted 

1 160.1 137·9 150.0 152.7 

2 136.9 118.4 125.2 143.0 

3 138.5 

4 128.2 117 .o 123.0 134.2 

5 126.8 

6 132.8 l24.9 128.9 127.7 

7 2.9 -8.3 -2.8 0.0 

Air Vent Restricted By 25 Per Cent Orifice 

1 150·7 131.5 141.0 151.7 

2 157.9 136.9 146.7 142.5 

3 134.9 114.4 125.3 137-1 

4 135.0 121.5 128.5 133.4 

5 139.1 111.3 123.3 131.1 

6 123.7 114.9 119.3 127.3 

7 1.0 -8.1 -4 ·3 -0.5 

NOTE: Pressure cell locations shown on plate 34. Piezometer locations 
are shown on plate 32. Piezometer zeros are shown on table 6. 
Pressures are recorded in feet of water. Reservoir elevation 
550.2 msl. 



Table 13 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 1.0 Ft 

Pressure 
Cell Piezometric 
No. Maximum Minimum Average Pressure 

Air Vent Unrestricted 

1 149.2 133.8 139.0 143.1 

2 134.7 117.4 121.7 123.1 

3 116.2 

4 101.4 119.3 

5 100.6 90.0 102.1 114.0 

6 112.5 102.9 107.8 121.9 

7 0.9 -6.6 -2.8 -1.2 

Air Vent Restricted By 25 Per Cent Orifice 

1 142.1 122.9 132.4 143.1 

2 140.3 119.4 129.3 128.3 

3 110.1 97·9 103.8 121.2 

4 118.0 101.6 110.0 119.1 

5 119.3 93.2 106.0 113.9 

6 113.5 103.9 108.4 122.0 

7 -1.6 -6.6 -4.7 -1.4 

NOTE: Pressure cell locations shown on plate 34. Piezometer locations 
shown on plate 32. Piezometer zeros are shown on table 6. 
Pressures are recorded in feet of water. Reservoir elevation 
550.2 msl. 



Table 14 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 2.0 Ft 

Pressure 
Cell Piezometric 
No. Maximum Minimum Average Pressure 

Air Vent Unrestricted 

1 136.6 116.3 127.0 131.5 

2 118.6 112.4 115.5 101.4 

3 90.9 77·9 84.5 94.9 

4 75·9 66.1 71.0 97.1 

5 133·5 107.2 119.9 96.2 

6 114.9 98.3 106.5 110.6 

7 -2.4 -6.9 -4.9 -2.0 

Air Vent Restricted Bl 25 Per Cent Orifice 

1 133.4 112.4 122.9 130.3 

2 107.2 101.0 104.2 101.3 

3 86.3 74.4 80.3 94.6 

4 90.7 80.0 85.6 96.5 

5 97·7 75.2 86.4 95.4 

6 110.1 95.3 103.5 110.7 

7 -4.0 -7.8 -5.6 -2.0 

NOTE: Pressure cell locations shown on plate 34. Piezometer locations 
shown on plate 32. Piezometer zeros are shown on table 6. 
Pressures are recorded in feet of water. Reservoir elevation 
550.2 msl. 



Table 15 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 3. 0 Ft 

Pressure 
Cell 
No. Maximum Minimum Average 

Air Vent Unrestricted 

1 141.7 107.9 125.0 

2 105.0 82.2 100.5 

3 87.9 55·3 71.0 

4 91.5 75·9 83.0 

5 94.7 65.1 79.9 

6 119.9 88.6 104.0 

7 -1.7 -6.4 -4.0 

Air Vent Restricted By 25 Per Cent Orifice 

1 132.3 108.1 120.2 

2 101.8 82.6 94.9 

3 74.3 59.1 68.2 

4 86.0 69.6 77.1 

5 94.4 59.2 76.4 

6 122.1 93.8 lo4.9 

7 -5.6 

NOTE: Pressure cell locations shown on plate 34. Piezometer 
shown on plate 32. Piezometer zeros shown on table 6. 

Piezometric 
Pressure 

127.1 

91.0 

83.3 

86.1 

87.3 

106.5 

-2.0 

130.1 

93.5 

83.2 

86.0 

86.8 

105.8 

-2.2 

locations 
Pressures 

are recorded in feet of water. Reservoir elevation 550.2 msl. 



Table 16 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 4.0 Ft 

Pressure 
Cell Piezometric 
No. Maximum Minimum Average Pressure 

Air Vent Unrestricted 

1 147.5 109.9 129.0 135·9 

2 115.4 103.6 110.2 103.6 

3 86.5 60.1 71.0 85.6 

4 97.9 74.3 83.0 85.8 

5 97·7 72.2 84.4 85.2 

6 108.5 85.0 97.0 104.6 

7 -5·9 -11.8 -9·5 -0.7 

Air Vent Restricted By 25 Per Cent Orifice 

1 136.4 106.9 120.8 137.0 

2 111.4 92.2 104.4 108.5 

3 87.1 57-9 72.7 86.5 

4 86.8 66.3 76.2 85.7 

5 90.6 59.2 75.2 84.7 

6 109.3 79.8 93.2 104.1 

7 -4.2 -8.0 -6.2 -2.5 

NOTE: Pressure cell locations shown on plate 34. Piezometer locations 
shown on plate 32. Piezometer zeros are shown on table 6. 
Pressures are recorded in feet of water. Reservoir elevation 
550.2 msl. 



Table 17 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 5.0 Ft 

Pressure 
Cell Piezometric 
No. Maximum Minimum Average Pressure 

Air Vent Unrestricted 

1* 46.6 15.6 30.4 37.1 

2 133.5 115.0 119.2 126.5 

3 117.2 88.8 102.5 103.5 

4 97·3 79.0 88.0 95.1 

5 94.7 72.2 82.9 88.6 

6 110.5 83.4 97 .o 98.6 

7 -6.6 -13.0 -10.1 -3.2 

Air Vent Restricted B,y 25 Per Cent Orifice 

1* 36.8 7·1 19.8 30.0 

2 116.2 102.6 110.0 122.7 

3 105.5 77·9 90.3 102.8 

4 87.4 73·5 82.8 94.2 

5 91.8 58.0 75.6 88.3 

6 101.3 71.2 85.5 97·9 

7 -6.1 -11.8 -9.4 -6.5 

NOTE: Pressure cell locations shown on plate 34. Piezometer locations 
shown on plate 32. Piezometer zeros shown on table 6. Pressures 
are recorded in feet of water. Reservoir elevation 550.2 msl. 
* Cell located in gate well. 
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Cell 

No. 

1* 
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Table 18 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open 5.5 Ft 

Maximum Minimum Average 

Air Vent Unrestricted 

Air Vent Restricted B,y 25 Per Cent Orifice 

44.9 -26.3 33.8 

78.2 39.3 61.1 

97.7 51.8 75·3 

119.3 74.1 92.4 

98.3 59.2 78.6 

103.5 69.0 85.5 

-5.9 -11.8 -9·5 

NOTE: Pressure cell locations shown on plate 34. Piezometer 
shown on plate 32. Piezometer zeros shown on table 6. 

Piezometric 
Pressure 

locations 
Pressures 

are recorded in feet of water. Reservoir elevation 550.2 msl. 
* Cell located in gate well. 



Pressure 
Cell 

No. 

1* 

2* 

3* 

4* 

5* 

6* 

7 

1* 

2* 

3* 

7 

Table 19 

PRESSURE CELL DATA -- TYPE B GATE 
Gate Open Full 

Maximum Minimum Average 

Air Vent Unrestricted 

16.9 -1.9 8.2 

36.5 12.2 24.0 

90.9 42.6 67.1 

22.5 

62.2 13.3 38.5 

109.7 47.9 77·7 

Air Vent Restricted B,y 25 Per Cent Orifice 

60.9 6.8 

-25.6 

-20.0 

30.0 

-5.4 

5.8 

60.5 

75.4 

-6.3 

Piezometric 
Pressure 

7·5 

18.1 

4.5 

6.2 

38.9 

64.9 

-13.3 

NOTE: Pressure cell locations shown on plate 34. Piezometer locations 
shown on plate 32. Piezometer zeros are shown on table 6. Pres
sures are recorded in feet of water. Reservoir elevation 550.2 
msl. 
* Cell located in gate well. 
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TABLE A1 

PRESSURE DATA - TYPE A GATE LIP 

GATE OPEN 0.25 M' 

Discharge - 118.0 cfs Discharge - 98.0 cfs Discharge - 75.0 cfs Discharge - 60.0 cfs 
Pressure - 100.0 ft Pressure - 75.0 ft Pressure - 50.0 ft Pressure - 25.0 ft 

Piez. V2/2g - 0.4 ft V2/2g - 0.3 ft V2/2g - 0.1 ft V2/2g - 0.1 ft Average 
No. Head - 100.4 ft Head - 75.3 ft Head - 50.1 ft Head - 25.1 ft c 

-Pressure c : Pressure c Pressure c Pressure c 

1 100.9 1.005 75-3 1.000 50.8 1.014 26.1 1.04o 1.015 

2 79-7 0.794 59.7 0.793 4o.6 0.810 21.6 0.861 0.814 

3 -16.7 -0.166 -12.4 -0.165 -8.8 -0.176 -5.0 ~0.199 0.176 

4 10.2 0.102 8.6 0.114 6.1 0.122 1.3 0.052 0.098 

5 45.0 0.448 34.0 0.452 22.9 0.457 12.1 0.482 0.459 

6 5.1 0.051 '•.1 0.054 2.7 0.054 2.6 0.104 o.o66 

7 -7.8 -0.077 -5.1 -o.o68 -3.5 -0.070 -1.3 -0.052 -0.067 

8 81.2 o.8o9 6o.5 0.803 41.2 0.822 21.9 0.873 0.827 

9 -36.3 0.362 -27.2 -0.361 -18.9 -0.377 -9.9 -0.394 -0.373 

10 9-9 0.099 7.4 o.Q98 2.8 0.056 -0.5 -0.020 0.058 

11 45.7 0.455 34.4 0.457 23.2 0.463 12.4 0.494 0.467 

12 -1.8 -0.018 -1.1 -0.015 -0.6 -0.012 o.o o.ooo -0.011 

13 -8.6 -o.o86 -6.4 ..o.o85 -3-7 -0.074 -1.4 -0.056 -0.075 

14 73.7 0.734 55.4 0.736 37.8 0.755 19.9 0.793 0.754 

15 29.9 0.2')8 21.6 0.267 14.2 0.263 -0.6 -0,024 0.269 

16 25.7 0.256 15.6 0.207 9-1 0,182 4,0 0.159 0,201 

17 33-9 0.338 25.4 0.337 16.9 0.337 9.4 0.375 0.347 

18 14.4 0.143 10.0 0,133 6.5 0.130 4.0 0.159 0,141 

B<m:: Preslures are in prototype ft of water. 
Piezometer locations shown on plat~ 5. 
Figures in heading refer to control piezometer located in the conduit 12 ft upstream from the test section, 

Pressure coeffic~ent C • Pressure at numbered Ji!iezometer 
v2 

Pressure + 2g at control piezometer 
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P1IESSliRE DAU - TYPE A GATB LIP 

GAB OPI1I O, 5 J'T 

DiaahariB.- 185,0 eta Diacharse - 162.0 eta Diacharse - 135.0 eta Diacharse - 98,0 et• 
l'N•~- 99.6 tt l'Nseure - 75.0 tt l'Nssure • 50,0 tt Pressure • 25,0 tt 

Pies. v2f2c - 0.9 tt v2f2c - 0.7 t't v2f2c - 0,5 t't v2/2g - 0,3 tt A~erqe 
llo. Bead - 100,5 tt Bead- 75.7 tt Bead- 50.5 tt Bead - 25.3 tt c 

Pre a~ c I Pre88ure c I l'Nsaure c Preaaur~~ c 

1 99.4 0.989 75.2 0,993 50.5 1.000 25.6 1.012 0.999 

2 58.9 0,586 45.3 0,598 30.3 0,600 16.8 0.664 0.612 

3 -72.2 -0.718 -54.3 -0.717 -37.3 -0.738 -21.8 -0.861 -0.724 

4 -14.6 -0.145 -10,3 -0.136 -6.7 -0.133 -3.8 -0.150 -0.141 

5 32.6 O.J24 24.6 0.325 16.7 O,JJ1 8.7 O,J44 O,J31 

6 -4.2 0.042 1.6 0.021 1.7 O,OJ4 1.0 O,OJ9 0,034 

7 -6,8 -0.068 -5.1 -0,067 -J.2 -0.063 -0.7 -0.028 -0.066 

a 60.4 0,601 46o5 0.614 31.3 0.620 16.5 0.652 0.622 

9 -100.7 -1.002 -76.3 -1.008 -50.7 -1.004 -25.7 -1.016 -1.006 

10 -18.2 -0.181 -13.J -0.176 -8.7 -0.172 -4.7 -0.186 -0.179 

11 J4,7 O,J45 26.4 0.349 17.5 0.347 8.9 O,J52 0,)48 

12 -3.9 -0.039 -3.2 -0.042 -2.2 -0.044 -0.7 -0.028 -0.038 

1J -7.7 -0.077 -6,{) -0.079 -3.7 . -0.0"/J -1.6 -0.06.3 -0.0'13 

14 47.6 0,474 J7.5 0.495 25.5 0,505 14o3 0.565 0.509 

15 1.1 0,011 -5.9 -0.0?8 -11.5 -0,228 -7.0 -0.277 -0.143 

16 -9.9 -0,099 -16.0 -o.ru -1.3.6 -0.269 4o2 -0,166 -0.186 

17 8.9 0,089 3.8 0,050 -1.6 -0,032 8.2 0.324 0.108 

18 5.1 0,051 4.0 0,05J 3,0 0,059 0,8 0,032 0.049 

IOTE1 l'Naaurea are in prototype tt ot water. 
Piezo•tar 1ocatioDII ahown on plats 5. 
Figures in heading refer to control piazometar located in tha conduit 12 tt upstream from tha test section. 

Pressure coefficient C = Pftlssure at DUIIIbered 2111ZOID8Wi' 

Pressure + !! at control pia zometer 
2g 



TABLE A3 

PR8SStlllB D.lT.I. - 'lYPB .1. G.l.'1'i: LIP 

G.l.'1'i: OPD 1.0 rr 

Diacharae - 268.0 eta D1acharae - 2)2.0 eta D1echarge - 192.0 eta D1acbarge - 1)5.0 eta 
Pres1111N - 100.0 tt Prea1111N - 75.0 tt Pre&1111N - 50.0 tt Pre 811111'e - 25.0 tt 

P1as. v2/2e - v2/2t. - v2/2t. - v2f2t. -
I .l.ftrage 

llo. 1.9 tt 1.4 tt 1.0 tt 0.5 tt c Bead - 101.2 tt Bead- 761a tt Bead - ~1.0 tt Bead- 2M~ 
I Pre 811111'e c Pre81111N c I l'M81111N c I Pre 811111'e c 

1 98.9 0.972 74.2 0.974 49.6 0.974 24.6 0.965 0.971 

2 61.5 0.605 46.6 0.611 )1.1 0.610 15.5 0.608 0.608 

) 0.1 0.001 0.9 0.012 1.9 0.0)7 2.7 0.106 0.0)9 

4 0.4 0.004 1.0 0.013 1.0 0.019 1.3 0.051 0.022 

5 0.8 0.008 0.8 0.010 0.9 0.018 1.2 0.047 0.021 

6 1.0 0.010 1.2 0.016 1.0 0.019 1.3 0.051 0.024 

7 0.7 0.007 o.s 0.006 o.s 0.010 0.5 0.020 O.Oll 

8 61.9 0.607 46.8 0.614 31.1 1:).610 15.9 0.624 0.614 

9 o.s 0.005 0.9 0.012 1.2 0.024 2.6 0.102 0.0)6 

10 1.0 0.010 0.6 0.008 0.7 0.014 0.9 0.0)5 0.017 

11 0.7 0.007 0.9 0.012 o.6 0.012 1.3 0.051 0.021 

12 ).7 o.o36 2.4 0.0)1 1.9 0.0)7 1.9 0.075 0.045 

1) 1.0 0.010 0.6 0.008 0.5 0.010 0.4 0.016 o.ou 

14 41.3 0.406 31.7 0.415 21.6 0.423 10.7 0.420 0.416 

15 -2.7 -0.027 -3.4 -0.045 -1.9 -0.037 0.2 0.008 -0.025 

16 -7.1 -0.070 -7.2 -0.094 -4.3 -0.084 -2.4 -0.094 -0.086 

17 19.6 0.193 13.2 0.17) 8.0 0.157 2.9 0.114 0.159 

18 8.1 0.080 5.0 0.066 ).5 0.069 1.9 0.075 0.07) 

B01'Jh !'Ma1111Na are 1D protot1PI tt of water. 
P1azo.eter locations abOWD on plat:e 5. 
J'1gur .. 1D bladille refer to control piezometer located in tbl condllit 12 tt upetreaa trom tbe teat notion. 

Preaeure coefficient C = Preaeure at nuabered 21aBOMter 

Preaeure + V2 at control piasometer 
2g 



TABLE A4 

PBISSUIIII: DAU • 1'IPS A can LIP 

can oJIBJI 2.0 n 

'DiiiObarp - 481.0 of• Di•oharle • 420,0 at• Duoharp - 345.0 at• D18oharp - 245.0 of• 
l'reaiiUft - 99.8 tt Pre lllllft - 75.0 tt l'reaiiUft - 50.1 tt l'reaiiUft - 25.0 tt 

Pilla. v2/2c- 6,3 tt v2/2g- 4.8 tt v2/2g- 3.2 tt v2/2t. - 1.6 tt Ava race 
llo. 

llead - 106.1 tt llead - 79.8 tt llead - 53.3 tt Head - 26.6 tt c 
I Pre .. urs c I l'reaiiUft c Preaaure c l'reaiiUft c 

1 101.4 0.956 75.8 0.950 50.8 0.953 24·4 0.917 0.944 

2 51.0 0.480 )8,6 0.484 26,2 0,492 13.0 0,489 0,489 

3 -0.2 -0.002 -0,2 -0.002 -0.2 -O.OQ4 0.2 0,008 0.000 

4 0,8 0.008 0.9 0.011 0,8 0,015 0.7 0,026 0.015 

5 1.2 0.013 1.9 0.024 0,8 0.015 0.9 0.034 0,021 

6 1.2 0,013 1.2 0.015 1.0 0,019 0.9 0.034 0.020 

7 1.2 0,013 0.5 0.006 0,5 0.009 0.4 0.015 0.011 

8 51.6 '0,486 39.2 0.492 26.4 0,495 13.2 0.497 0.493 

9 0.7 0,007 0,4 0.005 0,6 o.ou 1.4 0.053 0,019 

10 1.7 0,016 1.2 0.015 0.8 0.015 1.2 0.045 0.023 

11 1.6 0.015 2.0 0,025 0,8 0.015 0.8 0.030 0.021 

12 1.6 0.015 0,5 0,006 1,0 0,019 0.9 0.034 0,018 

13 2.6 0,024 1.2 0.015 0.8 0.015 0.4 0.015 0.017 

14 30.4 0.286 23.4 0.294 16.2 0.304 8,1 0.304 0.297 

15 1.7 0,016 1.5 0,019 0.8 0.015 0.9 0,0)4 0.021 

16 -0.1 -0;001 0,0 0,000 0,8 0.015 0.9 0.034 0.012 

17 1.8 0.017 1.4 0,018 0,8 0.015 1.1 0.041 0.023 

18 10.3 0.097 7.3 0.092 5.0 0.094 2.1 0.079 0.090 

110ft a l'reiiiiU1'811 •re in protot:rpe tt ot wuer 
Piezometer 1ooatioDS shown on plate 5. 
Figures in beading refer to control piezometer located in the conduit 12 tt upatream from the test section. 

Pressure coetticient C • l'resiiUl"e at numbered eiezometer 

PresiiU1'8 + E at control piezometer 
2t. 



TABLE A5 

PBBSSUIIS DATA - 1'IPIIi A u.ArB LIP 

G.l'm OPEII 3. 0 PT 

Dis~ - 745.0 eta Discharge - 650.0 eta Discharge - 509.0 eta Discharge - 368.0 eta 
Pre Sllll1'8 - 100.0 tt PresiSUl'e - 75.0 tt Pressure - 50.0 tt Pras8U1'8 - 24·9 tt 

Pies. v2/2i - 15.0 tt v2/2i - 11.4 tt v2/2g - 7.0 tt v2/2g - 3.7 tt Awraga 
lfo. 

Head - 115.0 tt Head- 86.~ tt Head- 57.0 tt !lead - 28.6 tt c 
PresSUN c Pressure c Pressure c I Pressure c 

1 111.2 0.967 85.6 0.991 71.5 1.254 26.4 0.923 1.0.34 

2 52.1 0.453 40.6 0,470 26.5 0.46~ 13.1 0.458 0.462 

3 -1.3 -0.011 -0.5 -0.006 -0.2 0.004 0.1 0,003 -0.005 

4 0,8 0,007 0,5 0.006 0.9 O,Ol.6 1.4 0.049 0.019 

5 1.1 0,009 1,0 O.Ol.2 1.2 0,021 2.5 0,087 0.032 

6 0.2 0.002 0.3 0.003 1.7 0.030 0.9 0,031 O.Ol.6 

7 0.2 0,002 0.2 0.002 0.6 O,Ol.l 0.9 0,031 O.Ol.2 

8 52.4 0.456 40.3 0.466 26.4 0.463 13.1 0.458 0,461 

9 0.6 0.005 0,5 0.006 0,8 O,Ol.4 0,6 0,021 O,Ol.2 

10 0,9 0,008 0.7 0.008 1.0 0.018 1.0 0.035 O.Ol.7 

11 0,8 0,007 0.5 0.006 0.8 0.01.4 1.0 0.035 0,015 

12 1.2 0,010 0.4 0,005 1.1 0,019 1.1 0.038 0.018 

13 0.4 0,003 -0.2 0.002 0,5 0,0()9 0.7 0.024 0.008 

14 28.4 0,247 22.9 0.263 15.6 0,274 7.8 O • .t73 0,.264 

15 0.7 0.006 0,4 0.005 1.1 0.019 1.2 0.042 0.018 

16 0.1 0,001 0.2 0.002 0,4 0.007 0.6 0.021 0,008 

17 1.2 O.Ol.O 0.5 0.006 0.7 0.012 1.5 0.052 0.020 

18 5.2 0,045 4.5 0.052 2.7 0.047 1.8 0.063 0.052 

lOBI Pressures are in protot;rpa tt of water. 
PieSOIIetar locations shown on plate 5. 
Fip.rea in beading rater to control"pie110111ater located in tba conduit. ...... upstrsu trom tba teat notion. 

Pressure oostticient C = Prssaure at nuaibarsd J!ie80118tar 

Praeaure + ~ at control pie SOIIetar 
2g 
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PUSSUU DAU • TIPII: .l GATB LIP 

can om 4.0 n 

Discharp - 1070 eta Diaob&rll - 96o.o cf• Diaab&r~t - 770.0 eta Diaab&r11 - 530,0 eta 
Preanre- 100,0 tt Prea&Ul'e- 75.0 tt Pressure - 50,0 tt Preanre • 25.0 tt 

Pie a. y2j2g- 30.9 tt y2j2g - 24.9 tt y2j2g - 16.0 tt v2/2c- 7.6 tt .l.,wrap 
lfo, 

Bead - 130.9 tt Bead- 99.9 tt Head- 66.0 tt Head - 32.6 tt c 

Prea&Ul'e I c PreaiiUN I c Preasure I c I Prea8Ul'll c 

1 128.1 0.9?9 95.0 0.951 62.'3 0.944 29.9 0.917 0.948 

2 65.8 0.503 48.7 0.487 33.8 0.512 16.6 0.509 0,50) 

3 -2.2 -0,017 -1.3 -0.013 -0.1 -0.002 0.4 0,012 -0.005 

4 -0.3 -0.002 0,0 0,000 0.5 o.oos 0.7 0,021 0,00!1 

5 0,0 0,000 0.2 0.002 0,6 0,009 0,2 0.006 0,004 

6 -0.3 -0,002 0.1 0.001 0.9 0.014 0.6 0,018 0,008 

7 -0.5 -0.004 -0.3 -0.003 0,1 0.002 0,4 0,012 0.002 

8 66,0 0.504 48.8 0,488 )4,0 0,515 16.8 0.515 0.505 

9 -o.8 -0.006 0,0 0,000 0,4 0,006 0,6 0,018 0,004 

10 -0,) -0.002 -0.1 -0,001 0.1 0.002 0,5 0,015 O.OQ4 

11 0.1 0.001 0,2 0.002 0,7 o.ou 1.0 0,0)2 0.012 

l2 -0.3 -0.002 0,1 0,001 0.9 0.014 1.0 0.032 o.ou 
13 -0.4 -0.003 -0.1 -0.001 0,1 0.002 0.5 0.015 0,00) 

14 35.6 0,2'72 27.1 0,271 18.9 0,286 9.8 0,301 0.282 

15 -2.5 -0.019 -2.0 -0.020 0,1 0.002 0.2 0,006 -o.oos 
16 -2.6 -0,020 -2.2 -0.022 -o.8 -0.012 0.1 0,003 -0.013 

17 0,5 0.004 0,2 0,002 0,1 0.002 0.3 0.009 O,OQ4 

18 5.) 0.040 0,1 0.001 1.5 0.023 1.2 0,0)7 0.025 

I arB: Pressure a are in prototype tt of water. 
PiezaDBtar looationa shown on plate 5. 
Figures in heading refer to control piezometer located in the conduit 12 ft upstream from the taat section. 

Pressure coeffioient C : Preesure at numbered eiezometar 

Preseure + ~ at control piesometar 
2g 



TABLE A7 

PRESSURE DATA - TYl'E A GATS LIP 

GATE OPEN 5.0 FT 

Discharge - 1790 eta Discharge - 1520 eta Discharge - 1234 eta Discharge - 857.0 eta 
Preuura - 100.0 tt Preaaura - 75.0 tt Pressure - 50.0 tt Pressure - 25.0 tt 

Piez. v2;2g - 86.5 tt v2/2g - 62.4 tt v2/2g - 41.2 tt v2/2g - 19.7 tt. A wrap 
llo. 

Head - 186.5 tt. Head - 137.4 tt Head - 91.2 tt Head- 44.7 tt 
c 

Pressure c Preaaura c Pressure c I Preaaura c 

l 135.8 0.728 93.7 0.682 61.2 0.671 25.9 0.579 0.665 

2 131.9 0.707 92.2 0.671 61.9 0.679 28.5 0.638 0.674 

3 1.1 0.006 1.2 0.009 1.1 0.012 1.2 0.027 0.013 

4 -2.7 -0.014 -1.6 -0.012 -0.6 -0.007 0.9 0.020 -0.003 

5 -2.2 -0.012 -1.3 -0.009 -1.0 -o.ou 0.4 0.009 -0.006 

6 -2.4 -0.013 -0.5 -0.004 -0.5 -0.005 0.2 0.005 -0.004 

7 -2.5 -0.013 -o.8 -0.006 -0.8 ·0.009 -0.1 -0.002 -0.008 

8 132.3 o.m 92.5 0.673 61.9 0.679 28.7 0.642 0,676 

9 -1.8 -0.010 -1.1 -o.008 -0.6 -0.007 0.9 0.020 -0.001 

10 -3.0 -0,016 -2.0 -0.015 -0.9 -0.010 0.8 0.018 -0.006 

11 -2.1 -o.ou -1.3 -0.009 -1.1 -0.012 0,3 0.007 -0,006 

12 -1.7 -0.009 -0.5 -0.004 -0.5 -0.005 0.2 0.005 -0,003 

13 -1.6 -0.009 -1.0 -0.007 -o.8 -0.009 -0.2 -0,005 -0.003 

14 78.9 0.423 58.7 0.427 )9.3 0.4)1 18.2 0.407 0,4,22 

15 -4.6 -0.025 -4.4 -0.032. -2.7 -0.030 -0.2 -0.005 -0.023 

16 -6.6 -0.035 - 4.6 -0.033 -3.7 -0.04]. ·0.8 -0.018 -0.032 

17 o.o o.ooo 0.6 -0.004 -0.7 -0.008 -0.3 -0.007 -o.()()5 

18 2.3 0,012 -1.4 -0.010 -1.3 -0.014 o.o o.ooo -0.003 

10!11:1 Preasures are 1D protot7]?8 tt of water, 
Piesoaeter loaationa abolm on plate 5. 
Piprea 1D beading refer to control pieZOIIIBter located 1n the conduit 12 tt upatrau frora tbe teat Hation. 

Preaaure ooettioient c : Presaura at 1111111berad 21eaoHter 
v2 Pressure+- at control pieaoMter 
21 



Piez. . No. . 
: 
: 

1 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

NOTE: 

: . . 
: 

• . 

TABLE A8 

PRESSURE DATA - TYPE A GATE LIP 

GATE OPEN 6.0 FT 

Discharge - 2360 cfs . Discharge - 1795 cfs . 
Pressure - 40.3 ft : Pressure - 25 .1 ft 

V2/2g - 150.0 ft 
. 

V2/2g - 86.9 ft . 
: Head - 190.3 ft Head - 112.0 ft 

Pressure c Pressure .. c .. 
57-3 0.301 31.1 0.278 

40.9 0.215 24.4 0.218 

32.2 0.169 18.1 0.162 

-14.1 -0.074 -8.4 -0.075 

6o.8 0.319 34-3 0.307 

-3-5 -0.018 -2.3 -0.021 

4.7 0.025 2.8 0.025 

33.4 0.176 20.9 0.187 

6.0 0.031 3-9 0.035 

o.o 0.000 -0.3 -0.003 

63.4 0.333 34.8 0.311 

-4.7 -0.025 -4.7 -0.042 

17.1 0.090 5•0 0.045 

67.0 0.352 39.8 0.355 

25.9 0.136 12.8 0.115 

36.8 0.193 20.4 0.182 

-2.0 -0.011 -1.2 -0.011 

43.3 0.228 35.1 0.313 

Pressures are in prototype ft of water. 
Piezometer locations shown on plate 5. 
Figures in beading refer to control piezometer located 
12 ft upstream trom the test section. 

. . 
Average 

: c 
; 

0.290 

0.216 

0.165 

-0.075 

0.313 

-0.019 

0.025 

0.182 

0.033 

-0.002 

0.322 

-0.033 

0.068 

0.354 

0.125 

0.188 

-0.011 

0.272 

in the conduit 

Pressure coefficient C = Pressure at numbered Eiezometer 
. 2 

Pressure + ~g at control piezometer 

. . 



Piltz. 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

lOria 

Diacbarp - 93.0 eta 
Pressure - 100.0 tt 

v2/2g - 0.2 tt 
Head - 100.2 tt 

Pressure I c I 

100.3 1.000 

100,2 1.000 

97.8 0.9'16 

95.5 0.953 

90,8 0,906 

0.3 0,003 

100,2 1.000 

98.4 0,982 

95.5 0.953 

90.3 0.901 

2.2 0.022 

98.3 0.981 

93.8 0.936 

90.2 0,900 

23.3 0.233 

TABLE A9 

PRESSURE DJfJ. - TYFE B GATE LIP 

GATE OPEN 0,25 P'r 

Discharge - 80.0 eta Discharge - 67,0 eta 
Pressure - 75.0 tt Pressure - 50.0 tt 

v2/2g - 0.2 tt v2/2g - 0.1 tt 
Bead - 7~.2 tt Head - ~0.1 tt 

Pressure c I Pressure c 

75.0 0.997 49-4 0.986 

75.2 1.000 50.7 1.012 

73.2 0.973 49·4 0,986 

71.4 0.949 48.2 0.962 

68.2 0.907 J.h,2 0,922 

5.8 o.r:tn 1.1 0.022 

75.0 0.997 50.6 1.010 

73.6 0.979 49.5 0,988 

71.3 0.948 48.3 0.964 

68.2 0.907 45.8 0.914 

3.8 0.050 0.9 0,018 

73.9 0.983 49-9 0.996 

70.2 0.934 47.4 0.94h 

67.6 0.899 45-5 0,908 

16,8 0.223 10.7 0.214 

Pressures are iD protot;ype tt or water. 

Discharge - 45.0 eta 
Pressure - 25.0 tt 

y2j2g - o.o tt 
Head - 2~.0 tt 

Pressure c 

25.0 1.000 

26.3 1.052 

25.8 1,0)2 

24.9 0,996 

24.4 0.976 

0,0 o.ooo 

26.3 1.052 

25.6 1.024 

25.2 1.008 

24.1 0.964 

3.1 0.124 

26.1 1.044 

24.7 0.988 

23.8 0.952 

8.6 0.344 

Pieaoaeter locatioDa ahowD oD plate q. 
Fiprea iD beadilli refer to ooDtro1 pieaoaeter located iD the ooDduit 12 tt upatreu tr011 tbe teat •otion. 

Pressure ooetticient C : Pressure at Dllllbered j2ia801118ter 

Pressure + y2 at oODtrol pia801118'ter 
2g 

Ave rap 
c 

0.996 

1,016 

0.992 

0.965 

0.928 

0.025 

1.015 

0.993 

0.968 

0.922 

0.053 

1.001 

0,951 

0.915 

0.253 



TABLE AlO 

PRESSUJII D1U • TYPE B G1D LIP 

Discharge - 155,0 eta Diacharge • 135,0 eta Di•charge • llO.O eta Discharge • 75.0 eta 
Pres~ - 100.0 tt Pressure - 75.0 tt Pressure - 50,0 tt Pressure - 25,0 tt 

Pies. 
v2/2a - 0.7 tt v2/2a - 0,5 tt v2/2a - 0,3 tt y2f2a - 0.1 tt 1nrap 

l!fo, 
Head - 100,7 tt Head - 75.5 tt Head- 50.3 tt Head - 25.1 tt 

c 
Pressure ' c Pressure I c I Pressure c I Pressure c 

1 100.9 1.002 75.2 0,996 49.9 0.992 24.2 O,<J64 0,988 

2 98,8 0.981 73.7 0,9?6 49.4 0.982 24.7 0.984 0,981 

3 91.6 0.910 68,6 0,909 45.8 0,910 23.1 0,920 0,912 

4 87.2 0,866 65.4 0,866 43.9 0.873 22.3 0,888 0.873 

5 82.1 0,815 61.7 0.817 4lo5 0.825 21.4 0.852 0,827 

6 0,6 0,006 0,8 0,010 1.6 0.032 0,9 0,0)6 0,021 

7 99.1 0.984 73.9 0.979 49.5 0.984 24.7 0.984 0,983 

8 91.9 0.913 68.8 0,9ll 46.1 0,916 23.2 0,924 0.916 

9 87.3 0.867 65.3 0.865 43.9 0.873 22.5 0,896 0,875 

10 81.6 0,810 61.3 0,812 4lo3 0,821 21.4 0,852 0,824 

ll 2.1 0.021 1.3 0,017 1.4 0.027 2.0 0,080 0,036 

l2 95.6 0.949 71.1 0,942 47.8 0.950 23.9 0.952 0.948 

13 81.7 0,8ll 61.3 0,812 41.2 0,819 20.9 0.833 0.819 

l4 78.3 0.778 58.5 0.775 39.7 0.789 20.2 0,805 0,787 

15 9.8 0.097 7.7 0,102 5.3 0.105 2.1 0.084 0,097 

lOTI: Pressures are 1n prototype tt of water. 
Piezometer locations shown on plate 6. 
Figures 1n heading rsf'er to control piezo11111ter located 1n the conduit 12 ft upstream !rom the test section. 

Prsssurs coefficient C = Pressure at numbered piezometer 

Pressure+!.. at control piezometer 
2g 



TABLE All 

PBESSURE DATA - TYPE B GAt& LIP 

GATE OPSN 1,0 rT 

Discharge - 283.0 c!a Discharge - 245.0 c!a Discharge - 200.0 c!a Discharge- 142.0 ora 
Pressure - 100.0 !t Pressure - 75.0 rt Pressure - 50.0 rt Pressure - 25.0 tt 

Piez. v2/2g - 2.2 rt v2/2g - 1.6 rt v2/2g - 1.1 .ft v2/2g - 0.5 rt .Average 
JJo. Head - 102.2 .ft Head - 76.6 rt Head- 51.1 rt Head - 25.5 rt c 

Prenure c Pressure c Preseure I c Pressure c 

1 101.0 0.988 74.7 0.975 49.5 0.969 24.1 0.945 0.969 

2 93.7 0.917 69.9 0.913 46.9 0,918 23.4 0.918 0.916 

3 78.0 0.763 58.0 0.757 38.7 0.757 19.4 0.'161 0.759 

4 72.2 0.706 54.1 0,706 )6.1 0,706 18.4 0.722 0,710 

5 69.2 0,677 51.6 0.674 34.8 0,681 17.9 0.701 0.683 

6 0.8 0,008 0.9 o.ou 0.9 0.017 0.9 0.035 0.018 

7 93.7 0.917 69.9 0.913 46.7 0.914 23.4 0.918 0.915 

8 78.3 0,766 58.3 0.761 39.0 0.763 19.6 0.769 0.765 

9 71.4 0.699 53.7 0.701 35.9 0,703 18.4 0.722 0.706 

10 68.6 0.671 51.4 0.671 34.4 0.673 17.8 0.698 0,678 

ll 0.6 0.006 0.9 o.ou 0,8 0.016 0.9 0.035 0,017 

12 86.3 0.844 64.1 0,837 42.8 0,838 21.4 0.839 0.8)9 

13 60.7 0.594 45.6 0.595 30.1 0,589 15.4 0.604 0.595 

14 58.0 0,568 43.6 0.569 28.8 0.564 14.9 0.584 0.571 

15 -4.1 -0.040 -2.3 -0.031 -2.1 -0.041 0.9 0,035 -0.019 

JJ01'Jh Pressures are in prototype tt of water. 
Piuometer looetione shown on plate 6. 
J'~s in headiDg reter to control piez011eter located in the conduit 12 rt upatreu tr011 the teat section. 

Pressure coe!!icient C = Pressure at D.UIIIbered paeoaeter 

Preesure + v2 at control paBOMter 
2g 



TABLE A12 

PR!:SSURE D.lU - TYPE B G.lTi LIP 

GATE OPEII 2. 0 lT 

Diacbarge - 532.0 cte Discharge - 470,0 eta Discharge - 375.0 ote D1aoharge - 268.0 eta 
Presaure - 100.0 tt Pressure - 75.0 tt. Pressure - 50,0 tt Pressure - 25.0 tt 

Pia a. v2/2i - 7.7 tt v2/2g - 6.0 tt. v2/2g- 3.8 tt v2/2g - 1.9 tt. .lwrap 
lfo, c 

Bead - 107.7 tt Head- 81.0 tt Head- 53.8 tt. Head - 26.9 
Preaaure c I Presaure c I Pressure c I Preaaure c 

1 106.8 0,992 79.4 0,980 51.7 0.961 24·9 0.926 0.965 

2 91.5 0,850 68.1 0.841 44.7 0.831 22.0 0.818 0.835 

3 62.0 0.576 46.5 0.574 30.5 0.567 15.0 0.558 0.569 

4 55.9 0.519 42.1 0.520 27.8 0.517 13.6 0.506 0,515 

5 58.9 0.544 44·3 0.547 29.3 0.545 1.4.5 0.539 0.544 

6 1.0 0.009 1.0 0.012 1.1 0.020 0.8 0.030 0.018 

7 91.3 0.8.48 68.0 0.8.40 44.8 0.8.3.3 22.0 0.818 0,835 

8 62.5 0.580 47.1 0.581 31.1 0.578 15.3 0.569 0.577 

9 55.4 0.51.4 41.9 0.517 27.5 0.511 13.6 0,506 0.512 

10 57.9 0.538 43.6 0.538 28.9 0.537 1.4.4 0.535 0.537 

11 1.1 0.010 1,0 0.012 1,0 0,019 1.1 o.ou 0.021 

12 77.8 0.722 58.4 0.721 .38.6 0.717 18.9 0,703 0.716 

13 38.4 0 • .357 29.0 0 • .358 19 • .3 0 • .359 9.7 0 • .361 0 • .359 

14 .39.1 0.36.3 29.6 0.365 20.1 0 • .374 10.2 0 • .379 0.370 

15 -1.4 -0,01.3 -1.3 -0,016 -1.0 -0.019 0.3 o.ou -0.009 

NarEs Pressures are in prototype ft of water. 
PieZOIIIeter locations shown on plate 6. 
Figures in heading refer to control piezometer located in the conduit 12 tt upstream from the test section. 

Pressure coefficient C = f!:!l!l!~ n nYI!!be[!!d llMzi/iOm&~e[ 

Pressure +; at control piezometer 
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TABLE Al3 

PRESSlJRE DAU - TYFE B carl LIP 

GATE OPZII 3.0 FT 

Disobarse - 840.0 cte Die~ - 750.0 cte Discharge - 585.0 cte 
PreeiUl'W - 100.0 tt !'reBIUl'l - 75.0 tt PreeBUl'l - 50.0 tt 

v2/2i - 19.1 tt v2/2i - 15.2 tt v2/2g - 9.2 tt 
Head - ll9.1 tt Head- 90.2 tt Head- 59.2 tt 

PreeiUl'W c Preeaure c PreiiUl'l I c 

114.8 0.964 85.4 0.947 55.6 0.939 

101.0 0.848 75.1 0.833 51.1 0.863 

61.5 0.516 46.0 0.510 30.9 0.522 

52.5 0.441 39.2 0.435 26.1 0.441 

56.9 0.478 42.4 0.470 28.1 0.475 

-o.8 -0.007 o.o o.ooo 0.6 0.010 

100.9 0.847 75.0 0.831 51.0 0.861 

63.5 0.533 47.1 0.522 31.5 0.532 

51.3 0.431 38.5 0.427 25.7 0.434 

55.9 0.467 41.6 0.461 27.8 0.469 

0.9 0.008 0.7 0.009 o·.7 0.012 

83.8 0.704 62.1 0.689 41.2 0.696 

31.7 0.266 23.7 0.263 16.7 0.282 

33.3 0.279 24.6 0.273 16.9 0.285 

2.4 0.020 1.5 0.017 0.8 0.014 

PreeiUl'ls are in protot1Jl8 tt of water •. 
Piezometer looatione ehown on plate 6. 

Dieoharge - 403.0 eta 
PreiBUl'l - 25.0 tt 

v2/'4 - 4·4 tt 
Head- 29.4 tt 

I PreaiUl'l c 

26.0 0.884 

24.5 0.833 

14.8 0.503 

12.5 0.425 

14.0 0.476 

0.4 0.014 

24.6 0.837 

15.2 0.517 

12.2 0.415 

13.7 0.466 

0.5 0.017 

20.2 0.687 

8.2 0.279 

8.3 0.282 

-0.6 -0.020 

Figures in beading reter to control piazometer located in the conduit 12 tt upstream trom the test section. 

Pressure coetficient C : Presl!m 1t DUIIbe£!!il l!iegeteE 
Preseure + V2 at control pie.a.ter 

2g 
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Di1cbarp - l210 eta Diloharp -
Pre IIIU1'8 • 100 o 0 tt. Prel81:11'e -

v2/21 - 39.4 tt v2/2g -

TABLE Al~ 

PRISSURB D.lU - TIP& B G.lD LIP 

G.lTI OPD 4.0 FT 

1065 Ofl Diaoharse - 810.0 ot1 
75.0 tt Prell'ln'e - 50.0 tt 
30.4 tt. v2/2c- 17.6 tt 

Bead - 139 -~ tt H~~ad • lOS.~ tt Bead - 67.6 tt 
I Prei11Ul'8 0 I Prei11Ul'8 c I Prei11Ul'8 c 

92.2 0.661 64.8 0,615 40.2 0.595 

130.2 0.934 97.4 0.924 63.6 0.941 

89.4 0.641 66.4 0.630 43.2 0.639 

67.4 0.483 49.9 0.474 32.7 0.484 

66.5 0.477 49.6 0.471 32.4 0.479 

-0.3 -0.002 -0.3 -0.003 0,7 0.010 

130.1 0.933 97.4 0.924 63.6 0.941 

92.6 0,664 68.0 0.645 44.7 0.661 

66.4 0.476 49.0 0.465 32.2 0.476 

65.4 0.469 48.6 0,461 32.2 0.476 

-0.3 -0.002 -0.3 -0.003 o.o o.ooo 
106.1 0.761 79.2 0.751 50.9 0.753 

49.5 0.355 36.4 0.345 24.3 0.359 

47.5 0.341 35.0 0.332 22.8 0.337 

0.5 0.004 0,1 0.001 O.l o.OOl 

Pre1aurea are 1n protot;ype ft of water. 
Piezometer locations shown on plate 6. 

I Diaoharse - 585.0 ot• 
Pre IIIU1'8 • 25.0 tt 

v2/21 - 9.2 tt 
Held- ,!!t-2 tt 

I Prell'ln'e I c 

17.2 0.503 

30.4 0,889 

21.3 0,623 

16.0 0.4)8 

15.9 0.465 

o.s 0.023 

30.3 0.886 

22.1 0.646 

15.9 0.465 

15.8 0.462 

0.5 0.015 

24.2 0.708 

12.0 0.351 

7.1 0.208 

o.s 0.015 

Figurea 1n heading reter to control piezometer located 1n the oo111. .. ~t 12 tt upatreem trom the ta~t aaction. 

Pressure coefficient C : Pressure at numbered J21azometer 

Pressure+ V2 at control piezometer 
2g 
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TABLE Alz 

PRESSURE DATA - TYPE B GAT& LIP 

G.lTK OPEJJ 5. 0 PT 

Diacbal'p - 1868 eta Diacharp - 1613 eta Discharge - 1315 eta Diaoharge - 900.0 eta 
Preallll1'8 - 100,0 tt Pressure - 75.0 tt Preaaure - 50.0 tt Preaaure - 25.0 tt 

Pies. v2/28 - 94.0 tt v2f28 - 70.1 tt v2/2g - 46.6 tt v2f28 - 21.8 tt .lnrage 
lo. 

Bead - 19!t.O tt Head - ~5.1 tt Bead - 96.6 tt Bead- ~.8 tt 
c 

I PreaiiUN c I Prea11Ul'8 c I Pressure c PreaiiUl"'l c 

1 117.7 o.6fT/ 82.6 0.569 51.0 0.528 20.6 0.440 0.536 

2 121.4 0.626 89.0 0.613 57.7 0.597 25.1 0.536 0.593 

3 159.9 0.824 120.8 0.833 79.5 0.823 36.2 0.774 0.813 

4 135.0 0.696 99.9 0.688 66.0 0.683 30.2 0.645 0.678 

5 lll.3 0.574 81.8 0.564 54.3 0.562 25.3 0.541 0.560 

6 -2.0 -0.010 -1.2 -o.oos 0.3 0.003 0.8 0.017 o.ooo 
7 121.8 0.628 88.9 0.613 57.7 0.597 25.1 0.536 0.593 

8 161.5 0.832 121.7 0.839 79.7 0.825 36.0 0.769 0.816 

9 135.0 0.696 99.9 0.688 65.9 0,682 30.1 0.643 0.677 

10 110.9 0.572 81.2 0.560 52.9 0.548 25.1 0.536 0.554 

11 1.0 o.~ -0.1 -0.001 1.3 0.014 1.4 0.030 0.012 

12 136.3 0.703 101.6 0.700 66.7 0.690 30.3 0.648 0.685 

13 lll.6 0.575 82.5 0.569 54.2 0.561 25.1 0.536 0.560 

14 77.3 0.398 57.5 0.396 36.5 0.378 16.5 0.353 0.381 

15 9.8 0.051 6.1 0.042 11.3 0.117 6.2 0.132 0.085 

101'11 Preaau:Na 11'8 in protot;ype tt of water. 
Piea011ater locatio1111 ahown on plate 6. 
Fiprea in beading refer to control. piuometer located in the collduit 12 tt upstream from tbe teat section. 

Preaaure coattioient C = Preaaure at n11111bere~ Ji!~eeat 

Preaaure + ~ at control pie-ater 
2g 



TABLE Al6 

PRESStJRE DATA - "riPE B GATE LIP 

GArB OPEN 6.0 FT 

Discharge - 2416 eta 
Pressure - 48.5 tt 

Discharge - 2118 cts 
Pressure - 25.0 tt 

Pies. v2/2g - 157.1 tt 
Head - 205.6 tt 

v2/2g - 120.9 tt 
Head - 145.9 tt 

Average 
c Ro. 

Pressure 1 C Pressure : C 

1 44.8 0.218 27.0 0.185 0.201 

2 42.0 0.204 0.175 0.189 

.3 0.201 26 • .3 0.180 0.190 

4 40.2 0.196 25.7 0.176 0.186 

5 4.3.6 0.212 0.174 0.193 

6 -2.7 -0.01.3 -8.9 -0.061 -0.0.37 

7 0.204 25.5 0.175 0.189 

8 0.202 0.174 0.188 

9 38.9 0.189 24.6 0.169 0.179 

10 40.8 0.198 24.0 0.164 0.181 

11 2.2 o.ou -7.9 -0.054 -0.022 

12 0.230 0.197 0.21.3 

13 43.6 0.212 0.181 0.186 

14 0.12.3 11.2 0.0"/7 0.100 

15 -11.9 -0.082 -0.054 

Ioria Preaaurea are ill prototype tt o:f' water. 

Pie11011t1ter locaUons shown on plate 6. 
Figures ill beadillg reter to control piez011eter located ill the conduit 
12 tt upstream rrom tbe teat section. 

Preaaure coetticient c : Pressure at numbered piezometer 

Pressure+~ at control piezometer 
2c 



TABLE Al7 

PBESSURE DATA • TIFB C GATJ: LIP 

GAT.Iil OP&N 0,25 PT 

Discharge - 98.0 eta Discharge - 80,0 eta Diacbarge - 68,0 eta Discharge - 47,0 eta 
PreeiiW:'e - 100,0 tt Pressure - 75.0 tt Pressure - 50,0 tt Pressure - 25.0 tt 

Piez. y2j2g - 0,) tt v2/2g - 0,2 tt v2/2g - 0,1 tt v2/2g - 0,1 tt Average 
Jlo. Head • lOO,l tt Head - 7~.2 tt Head - ~0.1 tt Head - 2~.1 tt 

c 
: Preaaure c Pressure c PreaiiW:'e c Pressure c 

1 102.) 1,020 75.9 1.009 51.3 1.024 25.5 1.016 1.017 

2 102.1 1.018 76.5 1.017 52.2 1.042 26.4 1.052 1,032 

3 100.9 1.006 75.) 1.000 50.8 1.014 25.6 1.020 1,010 

4 101,3 1,010 75.5 1.004 51.0 1.018 25.9 1.030 1.015 

5 98.3 0.980 73.5 0,977 49.7 0,992 25.2 1.000 0,987 

6 0,8 0,008 2.2 0,029 1.7 0,0)4 2.0 0.079 0.037 

7 0.9 0.009 2.9 0,038 3.4 0,068 1.4 0.056 0.04) 

8 101.9 1.016 76.3 1.015 51.9 1.036 26.2 1.044 1.028 

9 101.6 1.013 75.4 1.003 51.0 1.018 25.9 i.032 1.017 

10 101.4 1.011 76.1 1.012 50.5 1.008 25.7 1.024 1.016 

u 98.1 0.978 73.4 0,976 49.6 0,990 25.4 1.012 0.989 

12 0,6 0.006 1.7 0.022 1.3 0.026 3.0 O.U9 0.043 

13 13.7 0.136 7.4 0.098 4.4 0,088 3.8 0.151 o.u8 

14 101.4 1.010 75.9 1.009 50.7 1.012 26.2 1.044 1.018 

15 99.3 0.990 75.2 1.000 50.5 1,008 26.0 1.036 1.008 

l6 96.7 0.964 72.3 0.961 48.6 0.971 25.4 1.012 o.m 
17 -7.9 -0.079 -6.2 -0.082 -3.8 -0.076 -3.5 -0.1)9 -0.094 

18 38.6 0.385 28.9 0.384 18.5 0.369 10.7 0.426 0.391 

101'1: Pre11N1'81 are 1n protctne tt ot vater 
Piuouter locations shown on plata 7. 
1i8Uft• 1n beading rater to cODtrol pieiiOIMter located 1n tile conduit 12 tt UPitreu tra tile telt IBctiOD. 

Pra1ture ooettioient C • PreiBure at nuaberad pietouter 

Preaaure + ~ at control piesoa~ter 
2c 



TABLE Al8 

PRESSURE D.lT.&. • TYPE C G.lTB LIP 

G.lTB OPIN O, 5 P'r 

Discharge - 168.0 era Discharge - 135.0 era Discharge - 108.0 era Discharge - 82,0 era 
PresBUN - 100,0 rt Pressure - 75.0 rt Pressure - 50.0 rt Prea~~Ur~t - 25,0 rt 

Piaz. v2/2g - 0,8 rt v2/2g - 0.5 rt v2/2g - 0.) rt v2/2B - 0,2 rt .&."nrage 
lilo. Head - 100.8 rt Bead- 75.5 rt Bead- 50.3 rt Head - 25,2 rt c 

Pressure c : Pressure c Pressure c Presaure c 

1 101.0 1.002 74.9 0,992 50.5 1.004 25.3 1.004 1.001 

2 100.7 0,999 74.8 0,991 50.4 1.002 25.6 1.016 1.002 

3 97.8 0,970 72,7 0,963 49.0 0.974 25.1 0,997 0,9?6 

4 97,0 0,962 72.5 0,960 48.6 0,966 24.9 0.988 0.969 

5 92.2 0,915 68.9 0,912 46.9 0.932 24.1 0,956 0,929 

6 1.0 0,010 1.5 0,020 1.4 0,028 1.3 0,052 0.027 

7 1.1 0,011 1.4 0.019 1.6 0,032 1.4 0.056 0,0)0 

8 100.4 0,996 74.5 0,987 50.3 1.000 25.5 1.012 0.999 

9 97.5 0,967 72.6 0.962 48.7 0,968 24.9 0,98~ 0.971 

10 97.2 0,964 72.7 0,963 48.9 0,972 25.0 0,992 0.973 

11 92.5 0.918 69.1 0.915 46.9 0.932 24.1 0.956 0.9)0 

12 0,6 0.006 1.2 0.016 1.2 0.024 1.0 0.040 0.021 

13 1,0 0.010 1.0 0.013 1.4 0,028 1.3 0.052 0.026 

14 97.6 0.968 74.1 0.982 49.9 0.992 25.2 1.000 0.986 

15 94.6 0.938 71.9 0.952 48.4 0,962 24.6 0.976 0.957 

16 87.2 0.865 65.8 0.872 43.8 0.871 21.6 0.857 0.866 

17 -9.5 -0.094 -1.3.4 -0.177 -10 • .3 -0.205 -6.0 -0.2.38 -0.178 

18 24.0 0.2.38 18.4 0,244 11.0 0.219 1.8 0.071 0.19.3 

lllO.l'lh Pressures are in prototype rt or water. 
Piazometer locations shown on plate 7. 
Figures in beading refer to control piezometer located in the conduit 12 rt upstrelllll from tb8 test section. 

Pressure coefficient C : Pressure at numbered eiazometsr 
v2 Pressure + ... at control piezometer 
2g 



TABLE Al9 

PBESSUliE DAf.t. - TYPE C GATE LIP 

GATE OPEN 1.0 lT 

Diaoharge - 276,0 eta Discbaree - 2J6.0 eta Discharge - 194.0 eta Discbarse - 145.0 eta 
Pressure - 100.0 tt Pre88ure - 75.0 tt Preaaure - 50.0 tt Pressure - 25.0 tt 

Pies. v2/21 - 2.1 tt v2/2g - 1.5 tt v2/2g - 1.0 tt v2/2g - 0.6 tt .t.-..rage 
No. c 

•I Head - 102.1 tt Head- 76.5 tt Head - 51.0 tt Head - 25.6 tt 
I Pressure c Pressure c I Pressure c I Pressure c 

1 100.9 0,988 75.7 0,990 49.7 0.975 24.5 0.957 0.978 

2 98.7 0.967 7).9 0.966 48.9 0,959 24.4 0,953 0.961 

3 92.5 ().9~ 69.4 0.907 46.0 0.902 23.0 0.898 0,903 

4 91.5 0.896 68.6 0.897 45.5 0.892 22.9 0.895 0.895 

5 85.) 0.835 64.2 0.839 42.7 0.837 22.2 0,867 o.~ 

6 1.1 0.011 0,9 0,012 o.s 0,016 0,9 0,035 0.018 

7 1.4 0.014 1.7 0,022 1.2 0.024 1.) 0.051 0,028 

8 98.6 0.966 73.7 0.963 48.7 0.955 24.4 0.953 0.959 

9 91.7 0.898 69.1 0.903 45.8 0.898 22.6 0.883 0,896 

10 91.5 0,896 68.6 0,897 45.6 0.894 22.8 0,891 0.895 

11 85.1 0,83) 64.2 0,8)9 42.7 0,8)7 22.2 0,867 o.~ 

12 1.1 o.ou 0.9 0,012 0,8 0,016 0.8 0.031 0.018 

13 1.4 0.014 2.1 0.027 1.5 0.029 1.1 0.043 0,028 

14 94.8 0.929 71.4 0.933 47.7 0.935 24.0 0.938 0.934 

15 88.5 o.867 67.0 0,876 44.7 0.976 22.9 0.895 0.879 

16 77.9 0.763 58.5 0,765 39.2 0.769 20.0 0.781 0,769 

17 1.3 0.013 1,0 0,013 1.0 0,020 o.o o.~ 0,011 

18 8.3 0,081 6.7 0,088 4.8 0.094 2.3 0,090 o.oss 

NOTBI Preaaur .. are ill prctot1P8 tt of water. 
Piezometer locations shown on plate 7. 
Ft.curea ill beadiD( refer to control pie11011111ter located ill the coaduit 12 tt upetream from the teat section. 

Pressure coefficient C : fresaure at llUIIIbered eiezCMter 

Pressure + !! at control pie11011111ter 
2c 



TABLE A20 

PR&SSIJRE DAU - :rYI'& C GATE LIP 

GATE OPEN 2,0 J'T 

Diaobarse - 520,0 ota Discharge - 4J5,0 eta Diaobarp - ,360.0 ate Discbarse - 257.0 ate 
PreaiiUrB - 100,0. tt Pressure - 75.0 tt Pressure - 50.0 tt PreaiiUrB - 25.0 tt 

Piaz. v2/2& - 7.3 tt v2/2g - 5.1 tt v2/2& - 3.5 tt v2/21- 1,8 tt Aft rap 
No. Head - 107,) tt Head - 80.1 tt Head - 5).~ tt S.ad- 26.8 tt a 

I PreaiiUrB c Pressure c Pressure c PraaiiUrB a 

1 106.0 0.988 77.8 0,971 51.5 0.963 26,0 0,970 0,97) 

2 99.9 0,9)1 74.2 0,926 49.8 0.9)1 25.1 0,9)6 0,9)1 

3 88.3 0,623 65.4 0,816 44.2 0,626 22.4 0,8)6 0,825 

4 86.1 0,802 64.0 0,799 43.) 0.809 21,6 0,813 0.806 

5 78.9 0,7.35 58.6 0;732 39.8 0.744 20,6 0,769 0,745 

6 0,9 0,008. 1.1 0.014 1.0 0.019 1.2 0,045 0,021 

7 1.1 0,010 0.9 0,011 0.9 0,017 1.0 0,0)7 0,019 

8 99.8 0,930 74.0 0.924 49.7 0.930 25.0 0,933 0,929 

9 86.3 O,!!Q4 64.0 0.800 43.3 0,809 21.7 0,810 0,806 

10 85,6 0,800 6).6 0,794 43.3 0.809 21,8 0,813 0,8Q4 

ll 78.9 0,735 58.5 0.730 J9.7 0.742 20.5 0,765 0.743 

12 0,4 O,OQ4 0,9 0,011 0,8 0,015 1.2 O.Q45 0,019 

13 1,8 0,017 1;6 0,020 1,7 0.032 1.6 0.060 0,032 

14 93.9 0,875 70,0 0.874 1,6.5 0.870 23.6 0,881 0.875 

15 82.9 0,773 62.1 0.775 41.5 0,776 21.2 0.791 0,779 

16 67.6 0.630 50.4 0,630 33.6 0,628 16.7 0,62.3 0,628 

17 -0.1 -0.001 o.s 0,010 0.5 0,009 1.7 0,063 0,020 

18 12.0 0,112 6,6 0,082 4.7 0,088 2.9 0,108 0,097 

Narlh Pressures are in prototype tt of water. 
Piezometer locations shown on plate 7. 
Figures in beading rater to control piezometer located in the aondu1t .L2 tt upatrelllll f'rom the teat Motion. 

Pressure coetf'ioient C = Prall!!!!! at nUIIll!!!red e1ezometer 
Pressure .., ~ at oontr.ol piezo•ter 

2g 



TABLE A21 

PBES5URE DATA - TYPE C GATE LIP 

GATE OPEN 3, 0 FT 

Diaobarfl - 778,0 ots Discharge - 691,0 era Discharge- 525,0 ora Discharge - 391,0 eta 
Preaaure - 100,0 tt Pressure - 75,0 tt Pressure - 50.0 tt Pressure - 25.0 tt 

Pies, v2/2g - 16.3 tt y2j2g - 12.9 tt y2j2g - 7.5 ft v2;2g - 4ol rt Awrafl 
llo, 

Head - 116,3 tt Head - 87.9 tt Head- 57.5 rt Head - 29.1 ft c 
t Prssaura c Pressure c Pressure c t Pre a aura c 

1 112.8 0,970 84.6 0,962 55.1 0.958 26.6 0.914 0,951 

2 111.7 0.960 83.8 0.953 55.1 0.958 26.9 0,924 0.949 

3 97.9 0,842 73.5 0,836 48.4 0.842 23.6 0,811 0,833 

4 91.4 0,786 69,0 0.785 45.5 0.791 22.5 0,773 0,7!!4 

5 82.3 0,708 61.9 0.704 41.1 0,715 20,1 0,691 0,704 

6 0.7 0.006 0,8 0,009 0,9 0,016 0,7 0.024 0,014 

7 0,7 0,006 1.1 0,012 1.4 0.024 1.1 0,038 0,020 

8 111,7 0,960 83.7 0.952 ;;.1 0.958 26.8 0,921 0.948 

9 96.4 0,829 72.4 0,824 47.8 0,831 23.2 0.797 0,1320 

10 91.2 0,784 68.9 0,784 45.3 0,788 22.3' 0,766 0,780 

11 82,2 0,707 61.8 0,703 40.9 0.711 20,0 0,687 0,702 

12 0,6 0,005 0,7 0,008 1,0 0,017 0,7 0,024 0,013 

13 0,7 0.006 1.1 0,012 1.3 0,023 1.1 0,0)8 0,020 

14 101,1 0,869 76.4 0,869 50.4 0,876 23.7 0.814 0.857 

15 89.3 0.768 67.1 u.763 44.6 0,7'76 22,0 0.756 0,766 

16 67,2 0.578 50,6 0,576 :33.8 0,588 16,6 0,570 0,578 

17 1,0 0,009 1.2 0,013 1,1 0,019 0,7 0,024 0,016 

18 9.1 0,078 8.7 0,099 5.6 0,097 2.13 0.096 0,093 

11<7rll:t Preaaurea are 1n protot;ype tt ot water. 
Piesometer locations shown on plate 7. 
Figures 1n beading refer to control piezometer located in the conduit 12 tt upstream from the teat section. 

Pressure coefficient C : Prssaure at llUIIIbared ~;iuometer 
Pressure + v2 at control piesometer 

2g 



TABLE A22 

PRESSURE DATA - TYPE C GATE LIP 

GATE OPEN 4.0 FT 

Discharge - 1160 of's Discharge - 1010 of's Discharge - 820,0 ore Discharge - 570,0 of's 
Pressure - 100,0 rt Pressure • 75.0 rt Pressure - 50.0 rt Pressure - 25.0 f't 

Piez. v2/2g - .36.4 rt v2/2g - 27.6 rt v2/2g - 18.2 ft. v2/2g- 8,8 rt Average 
No. 

!Ia ad - 1.36 ·4 rt llaad - 102,6 rt llaad - 68.2 rt Head - JJ,8 rt c 
Presaure I c Pressure I c I Pressure c I Pressure c 

1 102.4 0.751 75.1 0.7.32 49.9 0.7.32 21.8 0,645 0.715 

2 124.7 0,914 94.1 0.917 61.1 0.896 28.2 0,8)4 0.890 

J 124.6 0.914 94.2 0.918 61.2 0.896 29.4 0,870 0,899 

4 114.6 0,8)7 85.6 0,8)4 59.9 0,878 27.2 0.805 0.8)8 

5 97.8 0,717 73.2 0.713 48.2 0,707 23.2 0.686 0.706 

6 -0.1 -0,001 0.5 0.005 0.9 0,013 1,0 0,030 0.012 

7 -0.2 -0,002 0,2 0,002 0.8 0,012 1,2 0,0.36 0.012 

8 124.6 0.914 94.1 0,917 61.1 0.896 28.2 0,8)4 0.890 

9 124.0 0,909 92.7 0.904 60.3 0,884 29.2 0.864 0,890 

10 11.3.9 0.835 85.6 0,834 59.8 0.877 27.2 0,805 0.838 

11 97.8 0.717 73.2 0.713 48.2 0.707 23.2 0.686 0,706 

12 -0,1 -0,001 0.1 0.001 0,9 0.013 1.2 0.0.36 0,012 

13 -0,3 -0.003 0.2 0,002 0.8 0,012 1.2 0.0.36 0.012 

14 118.5 0.869 88.0 0.858 58.5 0.858 27.8 0.822 0.852 

15 111.4 0.817 83,6 0,815 54.9 0.805 26.7 0,790 0.807 

16 81.9 0.600 59.7 0,5!12 40.2 0.589 19.4 0,575 0,586 

17 0,1 0,001 0,9 0,009 0,9 0,013 1.4 0.041 0,016 

18 4.3 0,031 3.7 0,0.36 2.1 0,0.31 2.1 0.062 0,040 

NOTE: Pressures are in- prototype rt of water. 
Piezometer locations shown on plate 7. 
Figures in heading refer to control piezometer located in ths conduit 12 rt upstream from the test section. 

Pressure coefficient C : ~Ulll:!! ~~~ lll.!!!!ll!!:t§Q Ill.!!ZQm!i!j;U 
Pressure + !_ at control piezometer 
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TABLE A23 

PRESSURE DATA - TYPE C GATE LIP 

GATE OPEN 5. 0 FT 

Discharge - 1780 ofs Discharge - 1545 ofs Discharge - 1250 cfs Discharge - 855.0 cfs 
Pressure - 100.0 rt Pressure - 75.0 rt Pressure - 50.0 rt Pressure - 25.0 rt 

Piez. v2/2g - 85.4 rt v2/2g - 64.4 ft v2/2g - 42.1 rt v2/2g - 19.7 rt Average 
No. Head - 185.4 rt Head - 139.4 rt Head - 92.1 ft Head - 44.7 rt c 

Pressure c I Pressure c Pressure c Pressure c 

1 142.3 0.768 105.4 0.756 67.2 0.730 29.9 0.669 0.731 

2 140.5 0.758 104.3 0.748 67.7 0.735 30.5 0,682 0.731 

3 140.5 0,758 104.2 0.747 68.0 0.738 :ll.l 0,696 0.735 

4 152.8 0.824 113.8 0,816 73.6 0.799 33.8 0.756 0,799 

5 153.3 0,827 114.3 0,820 74.1 0,805 34.3 0.767 0,805 

6 -1.7 -0.009 -0.4 -0.003 -0.3 -0.003 0.8 0,018 0.001 

7 -1.9 -0.010 -0.4 -0.003 0.1 0.001 0,2 0.004 -0,002 

8 140.6 0.758 104.4 0.749 68.0 0.738 30.6 0,685 0.733 

9 140.7 0.759 104.3 0.748 68.1 0.739 31.0 0.694 0.735 

10 152.8 0.824 113.8 0.816 73.6 0.799 33.8 0.756 0.799 

11 153.3 0.827 114.2 0.819 74.1 0.805 34.3 0,767 0.805 

12 -1.7 -0.009 -0.4 -0.003 -0.3 -0.003 o.s 0,018 0,001 

13 -2.0 -0.011 -0.3 -0.003 0,3 0,003 0.4 0,010 o.ooo 
14 143.2 0.772 1<1>.6 0.765 69.1 0.750 31.2 0.698 0.746 

15 139.0 0,750 103.9 0.745 67.8 0.736 31.3 0.700 0.744 

16 126.2 0,681 94.4 0.677 61.8 0,671 28.5 0,638 0,667 

17 2.1 o.ou 2.2 0.015 -0.6 -0.007 1.9 0.043 0.017 

18 4.5 0.024 3.4 0.024 2,7 0.029 2.7 0,<1>0 0.034 

Noris Preaaurea are in prototype rt of WRter. 
Piezometer locations ahowu on pla,:te 7. 
Figures in heading refer to control piezometer located in the conduit 12 ft upstream from the test aection. 

Pressure coefficient c . Pressure a~ gymbe£!d 21e1om!teE 
Pressure + V2 at control piezometer 

2g 
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Pies. 
No. : 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

1.3 

14 

15 

16 

17 

18 

TABLE A24 

PRESSURE DATA - TYPE C GATE LIP 

GATE OPEH 6. 0 FT 

Discharge - 2382 cfa : Discharge - 2015 cfs 
Pressure - 48.0 tt : Pressure - 25.0 tt 

v2/2g - 152.8 tt v2/2g - 109.5 tt 
Head - 200.8 tt Head - 1.34.5 tt 

Pressure : c I Pressure c 

42.8 0.213 'JS.7 0.221 

43.2 0.215 .30.2 0.225 

43.1 0.215 30.1 0.224 

40.8 0.20.3 27.4 0.204 

40.3 0.201 27.7 0.2~ 

35.4 0.1?6 24.8 0.184 

45.5 0.227 31.6 0.235 

42.9 0.214 'JS.9 0.222 

42.5 0.212 ';S • .3 0.218 

.39.8 0.198 27.2 0.202 

41.4 0.2~ 27.8 0.207 

.35.9 0.179 24·4 0.181 

45.6 0.227 .31.8 0.2.36 

44.7 0.22.3 28.5 0.212 

45.0 0.224 28.8 0.214 

.37.0 0.184 27.1 0.201 

'JS.5 0.147 19.1 0.142 

48.0 0.239 .33.6 0.250 

Average 
c 

0.217 

0.220 

0.220 

0.204 

0.203 

0.180 

0.2.31 

0.218 

0.215 

0.200 

0.2~ 

0.180 

0.231 

0.217 

0.219 

0.193 

0.144 

0.245 

BarE: Pressures are in prototype tt of water.• 

Piezometer locations shown on plate 7. 
Figures in beading refer to control piezometer located in the conduit 
12 tt upstre&JD troll the teat section. 

Pressure coetticient C : Pressure at ll'UIIlbered piezometer 

Pressure + !! at control pie someter 
2c 
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TABLE A25 

PRESSURE DATA - TYP.E D GATE LIP 

GATE OPEN 0.25 FT 

Discharge - 92.0 cfs Discharge - 80,0 cfs Discharge - 67.0 cfs Discharge. - 51.0 cts 
Pressure - 99 .o tt Pressure - 75.0 tt Pressure - 49.6 ft Pressure - 24.7 ft 

Pies. v2/2g - 0.2 ft v2/2g - 0.2 tt v2/2g - 0.1 ft v2/2g - 0.1 ft Awrage 
No. Head - 99.2 ft Head - 75.2 ft Head - 49.7 ft Head - 24.8 rt c 

Pressure c Pressure ' c Pressure ' c Pressure ' c 

1 99.1 0.998 75.5 1.004 50.5 1.016 25.7 1.0)6 1.013 

2 89.7 0.905 68.2 0.906 46.2 0.9.30 2.3.8 0.960 0.925 

.3 -4.1 -0.041 -.3.2 -0.042 -2.0 -0.040 -1.2 -0.48 -0.043 

4 21.6 0.218 15.5 0.206 10 • .3 0.208 5.4 0.218 0.213 

5 -4.8 -0.048 -J.J -0.044 -2.0 -0.040 -O,J -0.012 -0.044 

6 89.0 0.897 67.8 0.900 45.8 0.922 23.5 0.947 0.917 

7 -4.9 -0.49 -J.6 -0.048 -2.0 -0.040 1 • .3 -0.052 -0.047 

8 24-J 0.245 17.7 0.235 11.7 0.236 6.0 0.242 0.239 

9 -7.1 -0.072 -5.0 -0.067 -.3.4 -0.068 -1 • .3 -0.052 -0.065 

10 86.5 0.872 65.7 0.87.3 44 • .3 0.891 22.8 0.919 0.889 

11 -8.1 -0.082 -7.5 -0.100 -6.2 -0.125 -.3.4 -0.1.37 -o.w 
12 48.5 0.489 .36.4 0.484 25.0 0.50.3 12.8 0.516 0.498 

1.3 1.3.0 0.1.31 11.1 0.148 7.8 0.157 4.2 0.169 0.151 

BOTE; Pressures are in prototype rt of water. 
Piezometer locations shown on plate 8. 
Figures in heading refer to control piezometer located in the conduit 12 ft upstream from the test section. 

Pressure coefficient C : Pressure at numbered Eiezometer 

Pressure+ V2 at control piezometer 
2g 
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12 
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TABLE A26 

PRBSSURE DATA - TYPE D GATE LIP 

GATE OPEN 0. 5 PT 

Discharge - 155.0 cta Discharge - 135.0 cta Discharge - 109.0 era 
Pressure • 99.5 tt Pressure - 74.8 rt Presaure - 50.3 tt 

v2/2s - 0.6 tt v2/2s - 0.5 tt v2/2s - 0.4 tt 
Head - 100.1 tt Head- 75.3 tt Head - 50.7 tt 

Pre 81t111'8 I c I Preaaure c Pressure c 

98.2 0.981 75.3 1.000 50.6 1.000 

81.8 0.816 62.3 0.827 42.1 0.831 

-17.1 -0.171 -10.9 -0.144 -s.o -0.158 

-14.1 -0.141 -9.5 -0.126 -7.0 -0.1.38 

0.6 -0.006 0.4 0.005 0.5 0.009 

80.0 0.?98 61.3 0.813 41.4 0.817 

-17.3 -0.172 -10.9 -0.144 -8.0 -0.158 

-13.7 -0.137 -9.5 -0.126 -6.8 -0.134 

0,5 0.005 0.7 0.009 0.7 0.014 

70.9 0.707 55.0 0.728 37.3 0.737 

-41.7 -0.416 -~.7 0.394 -21.4 -0.423 

-12.0 -0.120 -8.7 -0.115 -8.0 -0.158 

18.2 0.182 13.5 17.9 9.3 0.183 

Pressures are in prototype tt of' water. 
Piezometer locations shown on plate 8. 

Discharge - 85.0 era 
Pressure - 25.0 rt 

v2/2g - 0.2 tt 
Head - 25.2 .tt 

Pressure c 

25.3 1.000 

21.5 0.855 

-3.7 -0.147 

-3.3 -0.131 

0.6 0.024 

21.1 0.837 

-3.7 -0.147 

-3.3 -0.131 

1.0 0.040 

19.1 0.759 

-10.0 -0.397 

-2.9 -0.115 

5.0 0.197 

Fisurea in heading refer to control piezometer located in the conduit 12 i't upstream i'rom the test section. 

Presaure coei'ticient C : Pressure at numbered Eie zometer 

Pressure+ !! at control piezometer 
2g 

Average 
c 

0.995 

0.832 

-0.155 

-0.134 

0.011 

0.816 

-0.155 

-0.132 

0.017 

0.733 

-0.408 

-0.127 

0.185 



TABLE A27 

PRESSURE DATA - TYPE D caTE LIP 

GATE OPEN 1. 0 FT 

Discharge - 254.0 eta Discharge - 220.0 eta Discharge - 182.0 ofs Discharge - 130.0 eta 
Pressure - 99.6 tt Pressure - 74.6 tt Pressure - 49.8 tt Pressure - 24.8 tt 

Pisz. v2/2g - 1.7 tt v2/2g - 1.3 f't v2/2g - .9 tt v2/2g - .5 rt 
Ave rap 

lio. ' c 
Head - 101 • .3 f't Head- 75.9 tt Head - 50.7 tt Head- 25 • .3 f't 

Pressure c Pressure c Pressure c I Pressure c 

1 98.7 0.974 74.3 0.980 49.5 0.978 24-4 0.964 0.974 

2 75.9 0.749 57 • .3 0.756 38.4 0.758 19.3 0.763 0.758 

3 0.5 0.005 0.3 0.004 2.3 0.045 3.1 0.12.3 0.044 

4 0.1 0.001 0.1 0.001 0.4 0.008 0.2 0.008 0.004 

5 0.9 0.009 0.5 0.007 3.2 0.063 0.5 0.019 0.024 

6 74.3 0.734 56.5 0.745 37.8 0.746 18.9 0.749 0.74.3 

7 0.4 0.004 0.1 0.001 0.3 0.006 0.2 0.008 o.oos 
8 0.3 0.003 5.1 0.067 0.4 0.008 0.7 0.028 0.026 

9 0.1 0.001 0.1 0.001 0.4 o.oos 0.4 0.016 0.006 

10 65.6 0.648 50.0 0.660 33.1 0.655 16.7 0.660 0.656 

ll -0.4 -0.004 -0.4 -0.005 o.o o.ooo 0.3 -0.012 -o.oos 
l2 -0.7 -0.007 -0.2 -0.003 0.4 o.oos 0.2 0.008 0.001 

1.3 2.6 0.025 1.3 0.017 1.2 0.024 0.9 0.0.36 0.025 

lfO'JSI Pressures are in prototype tt of water. 
Piezometer locations shown on plate 8. 
Figures in heading refer to control piezoMter located in the conduit l2 tt upstre&lll from the test section. 

Pressure coefficient C : Pressure at numbered filzoaeter 
v2 . 

Pressure+- at control piezoMter 
2g 
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TABLE A28 

PRESSURE DATA - TIPR D GAi'E LIP 

GAB OPEN 2. 0 PT 

Dis~ - 475.0 eta Discharge - 410.0 eta Discharge - 338.0 eta 
Pressure - 100.7 tt Pressure - 75.0 tt Pressure - 50.2 tt 

v2/2g - 6.1 tt v2f2i - 4.5 tt v2/2g - 3.1 tt 
Head - 106.8 tt Head • 79.5 tt Head- 53.~ tt 

Pressure c : Pressure c Pressure I c 

103.4 0,970 75.7 0.955 51.4 0.965 

70.3 0.658 52.3 0.658 35.4 0.665 

0.4 0.004 0.3 0.004 0.3 0.006 

0.9 0.008 0.5 0.006 0.3 0.006 

o.s 0.007 -0.3 -0.004 1.6 O,OJO 

68.9 0.646 51.0 0.642 34.8 0.652 

1.7 0,016 0.3 0.004 0.8 0.015 

0.8 0.007 0,8 0.010 0.5 0.009 

2.8 0.026 0.3 0.004 2.4 0.045 

57.0 0.534 42.5 0.535 28.7 0.538 

o.o o.ooo 0 • .3 0.004 -0.1 -0.002 

0.2 0,002 1.9 0.024 o.s 0.015 
... 

8.2 0.077 6.7 0.084 4.2 o.oso 

Pressures are in prototype tt of water. 
Piezometer locations shown on plate 8. 

Discharge - 240.0 eta 
Pressure - 25.3 tt 

v2f2i - 1.6 tt 
Head- 26.9 tt 

Pressure I c 

25 • .3 0.941 

18.0 0.670 

0.3 o.ou 

0.7 0,026 

1.1 0.041 

17.5 0.650 

0.5 0.019 

0.7 0,026 

0.5 0.019 

14.5 0.540 

0,2 0.007 

0.4 0,015 

2.3 0.086 

Figures in heading refer to control piezometer located in the conduit 12 ft upstream trom the test section. 

Pressure coefficient C = Pressure at numbered Eiezometer 

Pressure+ V2 at control piezometer 
2g 

Aft rap 
c 

0.958 

0.663 

0.006 

o.ou 

0.019 

0.648 

0.013 

0.013 

0.023 

0.537 

0.003 

0.014 

0.082 
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TABLE A29 

PIIESSUBE D.lU - TYPE D laTE LIP 

laTE OPEH J.O lT 

Discbarse - 732.0 eta Discharge - 625.0 eta Discharge - 512.0 cts 
Pressure - 100.0 tt Pressure - 74.9 rt Pressure - 49.9 tt 

v2/2c - 14.5 tt v2/2c - 10.6 tt v2/2c - 7.1 tt 
!feed - 114. 5 tt Head - 85.5 tt Head- 57.0 tt 

Pressure c Pressure c Pressure c 

112.5 0.98.3 86.1 1.010 56.4 0.990 

7J.J 0.640 55.9 0.654 )6.6 o.64J 

0.1 0.001 -0.1 -0.001 0.8 0.014 

0.2 0.002 -O.J -0.004 1.1 0.019 

1.1 0.010 o.s 0.009 o.6 0.010 

71.4 0.623 54.4 o.6J6 )6.0 0.632 

0.1 0.001 -0.1 -0.001 0.7 0.012 

0.2 0.002 -0.2 -0.002 1.1 0.019 

2.4 0.021 1 • .3 0.015 o.6 0.010 

58.4 0.510 44.0 0.515 29.4 0.516 

-0.2 -0.002 -o.6 -0.007 0.2 0.004 

0.2 0.002 o.o o.ooo o.6 0.010 

7.0 0.061 4.7 0.055 J.4 0.059 

Presaures are ill prototype tt of water. 
Piesoaeter locations shown on plate 8. 

Disoharee - 358.0 eta 
Pressure - 24·4 tt 

v2/2c - J.5 tt 
Head- 27.9 tt 

I Pressure c 

26.4 0.946 

17.6 o.6Jl 

0.2 0.007 

0.6 0.022 

O.J o.o11 

17.0 0.610 

0.2 0.007 

0 • .3 0.011 

1.6 0.057 

13.7 0.492 

o.o o.ooo 

0.2 0.007 

1.6 0.057 

J'1g\ll'es ill beading reter to control piezometer located ill tbe conduit 12 tt upstream troa the test section. 

Pressure coefficient C = Pressure at numbered piezometer 

Pressure+ V2 at control piesoaeter 
2g 

.lwrqe 
c 

0.982 

0.642 

o.oos 

0.010 

0.010 

0.625 

0.005 

0.007 

0.026 

0.508 

-0.001 

0.005 

o.oss 



TABLE A30 

PRESSUIU!: DATA - TYPE D GAD LIP 

Diacharge - 1085 eta Diacbarte - 945.0 eta Discharge - 758.0 eta Discharge - 526.0 eta 
Presaure - 100.0 tt Pressure - 75.0 tt Pressure - 50.0 tt Presaure - 25.0 tt 

Pies. v2/2c - :u.s tt v2/2g - 24.1 tt v2/2g - 15.5 tt v2/2g - 7.5 tt Aft rage 
lo. c 

Head - 131.8 tt Head- 99.1 tt Bead- 65.5 tt Baad- 32.5 tt 
: Pressure c : Preaaure c Presaure c : Pressure c 

l 125 • .3 0.951 95.6 0.965 62.1 0.948 30.0 0.923 0.947 

2 90.5 0.687 67.6 0.682 45.7 0.698 22.4 0,689 0.689 

3 o.s 0.006 0.5 0.005 0.2 0.003 0.7 0,022 0.009 

4 o.o o.ooo 0,) 0.00,3 0.4 0.006 0.8 0.025 o.ooe 

5 0.1 0.001 0.3 0.003 2.3 0,035 0.6 0.018 0.01.4 

6 87.4 0.663 66.2 0,668 44.7 0,682 21.9 0.674 0,672 

7 1.9 o.ou 1.0 0.010 0.3 0.005 0.5 0.015 O,Oll 

8 0.3 0,002 0.6 0,006 0,5 o.oos 1.0 0,0.)1 0.012 

9 0.7 0.005 0.9 0.009 1.9 0.029 1.1 0,034 0,019 

10 67.6 0.51.3 50.9 0.514 )4.1 0.521 16.8 0.517 0.516 

11 0.2 0.002 -o.6 -0.006 0.1 o.oo1 0.3 0.009 0.001 

12 0.1 0.001 0.6 0,006 0.5 0,008 0.9 0.028 O.Oll 

13 4ol 0.031 2.9 0.030 2.2 0.03.3 1.4 0.04.3 0.034 

IOD: Presaurea are in prototype tt of water. 
Piezo~~eter locatiou shown on plate 8. 
Figures in heading refer to control piezometer located in the conduit 12 rt upstream from the test section. 

Pressure coetticiant C = !J:!I!sure ~ BMl!!t!sl eiasa.Hr 
Pressure + !.. at control piaso~~eter 

2g 



Piez. 
Bo. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1101'&1 

Discharge - 1772 ct's Discharge -
Pressure - 100.0 tt Pressure -

v2/2i - 84.8 tt v2/2i -

TABLE A3l 

PRESSURE DATA - TYPE D GATE LIP 

GATE OPEN 5. 0 PT 

1520 cfs Discharge - 1220 cfs 
75.o rt Pressure - 50.0 tt 

62.2 tt v2/2g - 40.1 tt 
Bead - 184.8 tt Bead - 137.2 tt Bead - 90.1 tt 

Pre&IN1'8 ' c Pressure c Pressure c 

141.9 0.768 104.0 0.758 65.0 0.721 

154.7 0.837 115.2 0.840 73.6 0.817 

o.3 0.002 .:.o.9 -0.00'7 -0.5 -0.006 

0.4 o.oo3 -1.1 -0.008 -0.5 -0.006 

0.4 0.003 -0.4 -0.003 -0.2 -0.002 

152.2 0.824 112.4 0.819 73.0 0.810 

0.5 0.003 -0.9 -0.00'7 -0.5 -0.006 

0.4 0.003 -1.1 -0.008 -0.4 -0.004 

1.0 0.005 -0.5 -0.004 -0.6 -0.007 

104.8 0.567 81.1 0.591 53.0 0.588 

-1 • .3 -0.007 -2.8 -0.020 -1.0 -0.011 

-o.6 -o.003 -2.2 -0.016 -0.7 -o.ooe 
J.O 0.016 0.3 0.002 -0.2 -0.002 

Pres1Nl'88 are in protot1J)8 rt of water. 
Piesometer locations shown. on plate 8. 

Discharge - 840.0 eta 
Pressure - 25.0 tt 

v2/2i - 19.1 tt 
Bead- 44.1 tt 

Pressure a c 

30.1 0.683 

33.7 0.765 

0.4 0.009 

0.2 0.005 

0.8 0.018 

33.2 0.753 

0.1 0.002 

0.2 0.005 

0.8 0.018 

25.2 0.571 

-0.1 -0.002 

-0.1 -0.002 

0.4 0.009 

Fieures in beading refer to control piezometer located in the conduit 12 tt upstream trom the test section. 

Presaure coettioient C : Pres1Nl'8 at ZWIIlbered e1esolll8ter 
2 

Preasure + L at control pis110118ter 
2g 

Averqe 
c 

0.73.3 

0.815 

-0.001 

-0.002 

0.004 

0.805 

-0.002 

-0.001 

o.ooJ 

0.5'19 

-0.010 

-0.007 

0.006 



TABLE A32 

PRESSURE DATA - TYPE D GATE LIP 

GATE OPEN 6. 0 FT 

Discharge - 2360 cfs Discharge - 1795 cfs 
Pressure - 42.5 rt Pressure - 25.0 rt 

Piez. v2/2g - 150.1 rt v2/2g - 87.0 rt Average 
No. 

Head - 192.6 rt Head - 112.0 rt 
c 

Pressure : c Pressure : c 

1 42.1 0.219 21.8 0.194 0.207 

2 43.3 0.225 23.0 0.205 0.215 

3 38.3 0.199 20.5 0.183 0.191 

4 49.1 0.255 26.6 0.238 0.247 

5 12.8 0.066 6.8 0,061 0.064 

6 43.3 0.225 23.0 0.205 0.215 

7 41.0 0.213 21.8 0.194 0.204 

8 49.1 0.255 26.6 0.238 0.247 

9 12.8 0.066 6.8 0,061 0.064 

10 45.5 0.236 24.6 0,220 0.228 

11 35.1 0.182 18.4 0.164 0.173 

12 40.4 0,210 20.8 0.186 0.198 

13 24.7 0.128 13.3 0.119 0.124 

NO'l'lh Pressures are in prototype ft of water. 

Piezometer locations shown on plate 8. 
Figures in beading refer to control piezometer located in the conduit 
12 rt upstream from the test section. 

Pressure coet't'ioient c • Pressure at numb!red piezometer 
2 

Pressure + L at control piezometer 
2g 



TABLE A33 

PRESSURE DATA - TYP~ E GATE LIP 

GATE OPEN 0.25 FT 

Dillcharge - 9S.o era Discharge - SO.O cf'a Discharge - 67.0 era Discharge - 53,0 era 
Pressure - 100,0 rt Pressure - 75.0 rt Pressure - 50.0 rt Pressure - 25.0 rt 

Piez. v2/2g - 0.3 rt v2/2g - 0.2 rt v2/2g - 0.1 rt v2/2g - 0.1 f't Average 
No. Head - 100,3 rt Head - 75.2 f't Head - 50.1 f't Head - 25.1 rt c 

l Pressure c Pressure c Pressure c l Pressure c 

1 101.6 1.013 77.2 1.027 49.9 0.996 24.S 0,9S8 1.006 

2 101.7 1.014 77.0 1.024 50.4 1.006 25.2 1.004 1.012 

3 101.2 1.009 76.S 1.021 50.3 1.004 25.2 1.004 1.009 

4 100.7 1.004 76.5 1.017 50.1 1.000 25.2 1.004 1.006 

5 100.2 0.999 76.1 1.012 50.2 1.002 25.5 1.016 1.007 

6 0.3 0.003 0,3 0.004 0,3 0,006 0.4 0.016 0,007 

7 101.9 1.016 77.4 1.029 50.2 1.002 25.3 l.OOS 1.014 

8 100.5 1.002 76.3 1.015 49.9 0,996 25.0 0.996 1.002 

9 101.1 1.008 76.8 1.021 50.2 1,002 25.4 1.012 1.011 

10 100.2 0,999 76.1 1.012 50.2 1.002 25.4 1.012 1.006 

11 0.4 0.004 0,3 0.004 0,3 0.006 0,3 0,012 0,006 

12 100,7 1.004 76.7 1.020 50.3 1.004 25.9 1.032 1.015 

13 100.1 0.998 76.0 1.011 50.1 1.000 25.7 1.024 1.008 

14 97.6 0.973 74.2 0.98'7 49.1 0,9SO 25.1 1.000 0.9S5 

15 23.8 0.237 15.5 0.206 12.5 0,249 3.8 0.151 0.211 

IOTEl Pressures are in prototype rt of water. 
Piezometer looationa shown on plate 9. 
Figures in beading refer to control piezometer located in the conduit 12 rt upstream from the test section. 

Pressure ooetf'icient C : Pressure at llUIIIbered ,Eiezometer 

Pressure+ :x! at control piezometer 
2g 



TABLE A34 

PRi8SUU DAT.l • TIPI I GAD LIP 

GATE O!llf 0,5 1'f 

Discharle - 163.0 eta Discharge - 135.0 eta Discharge - 108.0 cfs Discharge - 75.0 eta 
Pressure - 100.0 rt Pressure - 75.0 tt Pressure - 50.0 tt Pressure - 25.0 ft 

Piez, v2f2r. - 0,7 ft v2/2r. - 0.5 rt v2/2r. - 0.3 tt v2/2& - 0.1 tt .lverap 
lo. 

Head - 100.7 ft Head- 75.5 rt Head- 50.3 ft Head - 25.1 rt 
c 

I Pres.ure c I Pressure c I Pressure c Pressure c 

l 101.1 1.004 75.0 0.993 50.1 0.996 24.5 0.976 0.992 

2 100.3 0.996 74.6 0.988 49.8 0.990 24.8 0.988 0.990 . 
3 98.9 0.982 73.7 0.976 49.4 0.982 24.8 0.988 0.982 

4 97.9 0.972 73.1 0,968 49.0 0.974 24.6 0.980 0.973 

5 96.1 0.954 71.9 0.952 48·4 0.962 24.6 0.980 0,962 

6 0.4 0.004 0.2 0.003 0.2 0.004 0.3 0.012 0,006 

7 100.3 0.996 74.6 0.988 49.8 0,990 24.8 0.988 0.990 

8 98.9 0.982 73.6 0.975 49.4 0.982 24.8 0.988 0.982 

9 98.3 0.976 73.1 0.968 49.1 0.976 24.7 0.984 0,976 

10 95.8 0.951 72.9 0.966 48·4 0.962 24.6 0.980 0.965 

ll 0.2 0.002 0.2 o.cm 0.1 0,002 0.5 0.020 0,007 

l2 100.0 0.993 73.9 0.979 49.9 0.992 24.5 0.976 0.985 

13 97.8 0.971 72.6 0.962 49.0 0.974 24.6 0.980 0.972 

14 92.4 0.918 68.6 0.9~ 46.1 0.917 23.0 0.916 0.915 

15 17.9 0.178 12.8 0.170 7.2 0.143 1.8 0,072 0.141 

NOTE: Pressures are in prototype tt of water. 
Piezometer locations shown on plate 9. 
Figures in heading refer to control piezoiiiSter located in the conduit 12 rt upstreu 1'1'0111 the test eection. 

Pressure coefficient C • Pressure at D!llllbered £iezometer 

Pressure+ : at control piezometer 
. 



TABLE A35 

P.RiSSURE DA1'A - Tim I GAD LIP 

G.l1'E OPEN l. 0 F1' 

Dlacbarse - 2?2.0 eta Diacbar,. - 23S.O eta Discharge - 194.0 eta Duoharse - uo.o eta 
Pnaaure - 100.0 tt Pressure - 7S.O tt Presaure - so.o tt Pnsaure - 25.0 tt 

Pus. y2j2g - 2.0 tt v2/2t. - l.S tt V~/2g • 1.0 tt v2/2c - o.s tt .berap 
lo, Head - 102.0 tt Head - 76.5 tt Head- 51.0 tt Head - 2S.S tt c 

Pnaii\U'e a c Preaii\U'e a c Pnaaure c Pressure c 

l 100.6 0.986 74.8 0,978 49.7 0.975 24.3 0.953 0.973 

2 98.1 0.962 73.2 0.957 48.9 0.959 24o2 0.949 0.957 

3 94.8 0.929 70.8 0.92S 47.6 0.933 23.5 0.922 0,927 

4 92.6 0.908 69.0 0.902 46.5 0.912 23.0 0.902 0.906 

s 89.7 0.879 67.2 0.878 4So2 0.886 22.8 0.894 0.884 

6 0.4 0.004 0.2 0.003 0.5 0.010 0.5 0,020 0.009 

7 98.2 0.963 73.2 0.957 48.9 0.959 24o2 0.949 0.957 

8 94.8 0,928 70.8 0,925 47.6 0.933 23.S 0.922 0.927 

9 92.6 0,908 69.0 0.902 46.4 0.910 23.0 0,902 0.905 

10 89.7 0.879 67.1 0.877 45.2 0.886 22.8 0.894 0.884 

ll 0.4 0.004 0,2 0.003 0.5 O,Ol.O 0.3 0.012 0,007 

12 95.5 0.936 71.4 0.933 47.8 0,937 24.0 0.941 0.937 

13 90.2 0.884 67.4 0.881 45.4 0,890 22.8 0.894 0.887 

l4 79.9 0.783 60.1 0.786 40.3 0,790 20.3 0.796 0.789 

15 18.7 0.183 15.7 0.205 9.8 0.192 3.5 0.137 0.179 

lOB: Pnaaurea are iD prototn- tt of water. 
P:IAI~ter locations shown on plate .9. 
Fipres iD heading rater to control pie110111eter located iD tbe conduit 12 tt upatre8lll tram tbe teat Motion • . 
Prea.ure coettic:IAint C : !:£!aaura at DUIIIberad J:lie !2!!ter 

Pnaii\U'e + : at control piesoMter 



Pies. 
llo, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

NOTE I 

Discharge - 503,0 eta 
~eeure - 100,0 tt 

v2/21 - 6.8 tt 
Head - 106,8 tt 

I Preseure c I 

104.9 0,982 

99.8 0.934 

93.5 0,875 

89.1 0,8)4 

85,0 0,796 

0,4 0,004 

99.7 0,9)4 

93.7 0,877 

89.1 0,8)4 

85.3 0,799 

0,3 0,003 

94.8 0,888 

85.0 0,796 

69.0 0,646 

-2.2 -0.021 

TABLE A36 

PBESSURE DATA • TYPE E GATB LIP 

GATE OPEN 2,0 FT 

Discharge - 428,0 eta Discharge - )60.0 eta 
Preseure - 75.0 tt Pressure - 50,0 tt 

v2/2g - 4.9 tt v2/2g - 3.5 tt 
Head- 79.9 tt Head- 53.5 i't 

Preseure c I Pressure c 

77.6 0,971 51.6 0.964 

74.6 0,934 49.7 0.929 

69.3 0.867 46.3 0.865 

65.8 0.824 44.2 0,826 

62.7 0.785 42.4 0.793 

0,7 0,009 0,9 0.017 

74.5 0.932 49.6 0,927 

69.6 0,871 46.6 0,871 

65.8 0,824 44.2 0,826 

62.9 0.787 42.5 0.794 

0,5 0,006 0,8 0.015 

69.8 0,874 47.0 0,879 

62.9 0,787 42.3 0,791 

51.5 0.645 )4.7 0,649 

-2.2 -0.028 0.8 0,015 

Preeauree are iD prototype i't of water. 
Piezometer locations shown on plate 9. 

Discharge - 260,0 eta 
Pressure - 25.0 tt 

v2/2g - 1.8 tt 
Head- 26.8 tt 

I Pressure c 

25.1 0.937 

24·4 0.910 

22.8 0,851 

21.9 0,817 

21.3 0,795 

0,8 0,030 

23.5 0,877 

23,0 0,858 

21.9 0,817 

21.3 0,795 

0,7 0,26 

23.3 0,869 

21.3 0,795 

17.1 0.638 

0,9 0,034 

Figures iD heading refer to control piezometer located iD the conduit 12 rt upstream i'rom the teet section. 

Preaeure coei'ticient C : Pressure at numbered £iezometer 
Presaure + v2 at control piesometer 

2g 

Average 
c 

0,963 

0.927 

0,865 

0,825 

0.792 

0,015 

0,918 

0,869 

0,825 

0.794 

0,012 

0.878 

0.792 

0.645 

0,000 



TABLE A~7 

PRESSURE DATA - TYPE E GATE LIP 

GATE OPEN 3,0 li'T 

Discharge - 778.0 eta Discharge - 665.0 cfs Discharge - 542.0 eta Discharge - 376.0 eta 
Pressure - 100.0 tt Pressure - 75.0 tt Pressure - 50.0 tt Pressure - 25.0 tt 

Piez. v2/2g - 16.3 tt v2/2g - 11.9 tt v2/2g - 7.9 ft v2/2g - 3.8 tt Average 
Mo. Head - 116.3 tt Head- 86.9 ft Head- 57.9 ft Head - 28.8 tt c 

Pressure c Pressure c Pressure c Pressure c 

1 112.4 0,966 82.4 0.948 54.6 0.943 25.0 0,868 0.931 

2 111.1 0.955 82.6 0.954 54.9 0.948 25.6 0,889 0.936 

3 104.7 0,900 78.6 0,904 52.0 0.898 2.4.3 0.844 0,887 

4 96.7 0.831 72.3 0.831 48.0 0.829 22.6 0,785 0.819 

5 88.5 0,761 66,0 0.759 44.7 0,772 21.2 0,736 0.757 

6 0,7 0,006 0,7 0,008 0,7 0.012 0,7 0.024 0.012 

7 111.0 0.954 82.5 0.949 54.8 0.946 25.5 0.885 0.934 

8 104.8 0,901 78.7 0,906 52.1 0.900 24·3 0.844 0.888 

9 96.7 0.831 72.3 0,831 48.0 0,829 22.6 0,785 0,819 

10 88.4 0,760 65.8 0.757 44.6 0.770 21.0 0.729 0.754 

11 0,6 0,005 1.9 0,022 1.9 o.033 0,3 0,010 0,018 

l2 101.4 0.872 75.8 0,872 51.4 0,888 2,4.2 0.840 0.868 

13 91.1 0.783 67.6 0,778 46.1 0.796 21.7 0.753 0.778 

14 70.1 0,603 51.9 0,597 35.1 0.606 16.3 0.566 0.593 

15 3.3 0,028 2.8 0.032 2.4 0.041 0.4 0.014 0,029 

MOTE: Pressures are in prototype ft of water. 
Piezometer locations shown on plate 9. 
Figures in heading refer to control·piezometer located in the conduit 12ft upstream from the test section. 

Pressure coefficient C = Pressure at numbered piezometer 

Pressure +!... at control piezometer 
2g 



TABLE A~8 

PRBSSURB D11'.l • TYPE I GATE LIP 

GATE 01'11 4• 0 1't 

Diloharp • 1125.0 eta Diaoharp - 968.0 eta Discharge - 802.0 eta Discharge • 549.0 eta 
Pnaaure - 100.0 tt Pre aaure - 75.0 tt Preseure - 50.0 tt Presaure • 25.0 tt 

Pi ... v2f2fl - )4.1 tt v2/2s - 25.3 ft v2f2fl • 17.4 ft y2j2g- 8.1 ft Awrage 
llo. Head- 134.1 tt Bead - 100,3 tt Head- 67.4 tt Head- 33.1 tt c 

Preslllft I c Pnaaure I c I Pressure c Pressure c 

1 l13.3 0.845 83.5 0.832 53.6 0.795 25.2 0,761 0.808 

2 121.7 0.908 91.2 0.909 57.0 0.846 27.3 0,825 0.872 

3 124.4 0.928 92.9 0.926 59.8 0.887 28.7 0.867 0.902 

4 120.2 0.896 89.0 0.887 59.1 0.877 28.2 0.852 0.878 

5 105.5 0.787 78.5 0.783 51.9 0,770 25.3 0.764 0.776 

6 -0.3 -0.002 -0.3 -0.003 0,5 0.007 0.5 0.015 0.004 

7 121.7 0.908 91.2 0.909 57.0 0,846 27.3 0.825 0.872 

8 123.7 0.922 92.0 0.917 59.8 0,887 28.5 0.861 0.897 

9 120.2 0.896 89.1 0.888 59.2 0.878 28.2 0.852 0,878 

10 105.5 0.787 78.5 0,783 51.9 0,770 25.3 0.764 0,776 

ll -0.4 -0.003 -0.3 -0.003 0.4 0.006 0.5 0.015 0.004 

12 ll7.4 0.875 86.9 0.866 56.2 0.834 26.8 0.810 0.846 

13 lll.6 0,832 82.6 0.824 54.9 0.815 26.1 0.789 0.815 

14 85.7 0.639 63.5 0.633 41.4 0.614 20.1 0.607 0.623 

15 -4.0 -0.030 -2.2 -0.022 0.1 0.001 -0.2 -0.006 -0.014 

101'1: Pressures are 111 prototype tt ot water.• 
P:le-ter locationa ahown on plate 9. 
Figures 1n heading rater to control piezometer located 1n tbe conduit 12 tt upstream from the teat section. 

Pressure coettic1ent C • !l:!!!!!!!:! at llUIIIbeE!a Eie!2!!!te£ 
Pressure + !! at control piezometer 

. 
2s 
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TABLE A39 

PRESSURE DATA - TYFB I GATE LIP 

GAB OfElf 5. 0 FT 

Discharge - 1715.0 cts Discharge - 1475.0 eta Discharge - 1200.0 eta 
Pressure - 99.3 tt Pressure - 75.0 tt Pressure - 50.0 tt 

v2f2i - 79.3 tt v2f2i - 58.8 tt v2/2g - 38.8 tt 
Head- 178.6 Head- 133.8 tt Head - 88.8 tt 

Pressure I c I Pressure c Prs•sure I c 

136.7 0.765 101.4 0.758 66.0 0.743 

132.1 0.740 98.3 0.735 64.8 0.730 

134.3 0.752 100.8 0.753 66.6 0.750 

138.3 0~774 103.0 0.770 67.4 0.760 

156.0 0.874 116.9 0.874 75.7 0.852 

-2.0 -0.011 -o.6 -0.004 -0.4 -0.005 

132.7 0.743 100.0 0.747 64.8 0.730 

135.0 0.756 100.8 0.753 66.6 0.750 

138.3 0.774 103.0 0.770 67.4 0.760 

157.1 0.880 116.9 0.874 75.7 0.852 

-2.0 -0.011 -0.6 -0.004 -0.4 -0.005 

133.1 0.745 98.8 0.738 63.4 0.714 

129.5 0.725 96.2 0.720 62.8 0.707 

120.6 0.675 90.8 0.679 59.8 0.673 

9.1 0.051 12.1 0.091 8.0 0090 

Pressures are in: prototypa tt ot water., 
Piszo~~~eter locations shown on plate 9. 

Discharge - 830.0 eta 
Pre SSUl"'l • 25.0 tt 

v2f2i - 18.6 tt 
Head- 43.6 tt 

I Pressure c 

29.7 0.681 

29.4 0.674 

30.7 0.704 

31.2 0.716 

35.6 0.817 

0.3 0.007 

30.3 0.695 

30.5 0.700 

31.2 0.716 

35.6 0.817 

0.3 0.007 

29.8 o.683 

29.8 0.683 

27.8 0.638 

3.7 0.085 

Figures in beading refer to control pisZO!IIeter located in tba conduit 12 tt upstream from tbe test "otion. 

Pressure coettioient C • IDII!a 1IUI!IliiJ:Isi liliU!IIllt.ll: 
Pressure+ V et control piezometer 

2g 

Averap I 

c 

0.738 

0.720 

0.740 

0.755 

0.854 

-0.003 

0.729 

0.740 

0.755 

0.856 

-0.003 

0.720 

0.'709 

0.666 

0.(]79 



Piez. 
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14 

15 

TABLE A4o 

PRESSURE DATA • TYPE E GATE LIP 

GAtE OPEN 6.0 F1' 

Discharge - 2.395 eta Discharge - 2087 cts 
Pressure - 38.9 tt Pressure - 25.0 tt 

v2/2g - 154.6 tt v2/2g - 117.4 tt 
Head - 19.3.5 tt Head - 142.4 tt 

Pres~ c Pressure I c 

42.0 0.217 26.5 0.186 

.34.1 0.176 21.1 0.148 

39.7 0.205 25.6 0.180 

47.6 0.246 30.6 0.215 

35.3 0.182 22.6 0.159 

17.8 -0.092 -16.7 0.117 

34.7 0.1?9 27.8 0.153 

38.4 0.198 24.0 0.168 

47.6 0.246 30.9 0.217 

35.3 0.182 22.6 0.159 

-24.9 -0.129 -24.2 -0.170 

39.1 0.202 25.2 0.177 

37.0 0.191 23.3 0.163 

36.3 0.188 2).0 0.161 

16.6 0.086 8.2 0.057 

. . . 
Average . . c . 

: 
: 

0.201 

0.162 

0.192 

0.231 

0.171. 

0.104 

0.166 

0.183 

0.232 

0.171. 

-0.150 

0.190 

0.177 

0.174 

0.071 

NOTE: Pressures are in protot1Jl8 tt ot water. 

Piezometer locations shown on plate 9. 
Figures in beading refer to control piezometer located 1n the conduit 
12 tt upstream from tbe test section. 

Pressure coetticient C = Pressure at nt.abered pieBOIIIeter 

Pressure + ~ at control pieZCIIl8ter 
2g 



Piss. 
Ho. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

14 

15 

NO'mS: 

TABLE A41 

PRESSURB DATA - TIPB l GJ.'l'E LIB 

GA'l'E OPU 0,5 !'1' 

Discharge - 334.0 eta Discharge - 287.0 efs Discharge - 240.0 eta 
Pressure - 100.0 tt Pressure - 75.0 ft Pressure - 50.0 tt 

v2f2s - 0.4 rt v2f2s - o.3 rt v2/2g - 0,2 tt 
Head - 100.4 ft Head - 75.3 tt Head- 75.3 ft 

Pressure c Pressure c Pressure c 

102.7 1.023 76.4 1.015 52.0 1.036 

98.7 0.983 73.7 0.979 50.3 1.002 

93.5 0.931 69.8 0.927 47.9 0.954 

88.3 0.879 66.4 0.882 45.5 0,906 

81.2 0.809 61.1 o.8ll 42.0 0.837 

1.4 0.014 1.4 0.019 1.4 0,028 

99.8 0.994 74.4 0.988 50.8 1.012 

93.5 0.931 70.0 0.930 47.9 0.954 

88.3 0.879 66.4 0.882 45.5 0.906 

81.2 0,809 61.1 o.8ll 42.0 0.837 

1.3 0.013 1.4 0,019 1.4 0.028 

97.7 0.973 72.8 0.967 50.2 1.000 

91.3 0.909 68.3 0.907 47.0 0.936 

82.8 0.825 62.5 0.830 43.0 0.857 

-3.9 -o.m -2.7 -0.036 -1.7 0.034 

Pressure• are in prototype feet or water. 
Piezometer locations shown on plate 10. 

Discharge - 190.0 cfs 
Pressure - 25.0 tt 

v2f2s - 0.1 tt 
Head - 25.1 tt 

: Pressure c 

26.7 1.064 

26.4 1.052 

25.0 0.996 

24.0 0.956 

22.4 0.892 

1.5 0.060 

26.5 1.056 

25.0 0.996 

24.0 0.956 

22.4 0.892 

1.3 0.052 

26.1 1.040 

24.9 0.992 

22.8 0.908 

-0.6 -0.024 

ligures in headinl refer to contro1_pazometer located 1n the conduit 12 tt upstre11111 from the test •ction. 

Pressure coeffieient C • J2ressure ~ ll!IBRII'.Ili :li!HIQIIIHI: 
pressure + !. at control piesometer' 

21 

Awrage 
c 

1.035 

1.004 

0.952 

0.906 

0,8.)7 

0.030 

1.012 

0.953 

0.906 

0,837 

0,028 

0.995 

0.936 

0,855 

-0.033 



Pies. 
Bo, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

N<m:S: 

TAlliE A42 

PUSStlliB D.lf.l - TYH: 1 G.lTE LIP 

G.lTE OFBK 1,0 ft 

Discharge - 510,0 eta Discharge - 441.0 eta Discharge - 352,0 eta 
Preaaure - 100,0 tt Preaaure - 75.0 tt Preaaure - 50.0 tt 

v2/2c - 0,9 tt v2121 - 0.7 tt v2;21 - 0.4 tt 
Head - 100.9 tt Head - 7~.7 tt Head- so., tt 

Preanre c Preaaure c Preaaure c 

98.2 0,973 76,2 1.007 50.7 1.006 

88.9 0,881 69.1 0,913 46.4 0,921 

79.8 0,791 62.1 0.820 41.9 0.831 

75.0 0.743 58.3 0.770 39.1 0.776 

70.3 0.697 54.3 0,717 36.8 0.730 

1,2 0,012 1,2 0,016 1,2 0.024 

90.1 0.893 70.2 0.927 47.0 0.933 

80.1 0.794 62.3 0.823 41.8 0.829 

75.0 0.743 58.3 0.770 39.1 0.776 

70.1 0.695 54.0 0.713 36.4 0.722 

1.7 0.017 1.3 0,017 1.4 0,028 

88.7 0.879 66.8 0.882 44.8 0,888 

78.0 0.773 59.7 0,789 40.2 0.798 

70.0 0.694 53.7 0.709 36.2 0.718 

3.9 0,039 2.6 0,034 2.9 0,058 

Presaurea are 1n prototype feet of water, 
Piesometer locations shown on plate 10, 

Discharge - 269,0 eta 
Presaure - 25.0 tt 

v2;21 - 0.3 tt 
Head - 2~·2 tt 

Preaaure c 

26.4 1.043 

24.5 0.968 

22.1 0.874 

20.9 0.826 

20,0 0,791 

1.2 0.047 

25.0 0.988 

22.4 0.885 

20.9 0.826 

19.7 0,779 

1.3 0.051 

23.7 0.937 

21.5 0.850 

19.7 0.779 

1.7 0,067 

Figures 1n beading refer to control piezometer located 1n the conduit 12 tt upstream from the test aeotion. 

Presaure coefficient C • pressure ~ PU!Dbered piezgHter , 
pressure + -at control pieSOHter 

2g 

.lwrqa 
c 

1,007 

0.921 

0.829 

0.779 

0.734 

0.025 

0.935 

0.833 

0.779 

0.727 

0,028 

0.897 

0.803 

0,725 

0,050 



Piez. 
Ho. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

14 

15 

NOTES: 

TABlE A43 

PRBSSURK DATA • fiPE l GAD LIP 

GATE OPU 3.0 l'l' 

Discharge - 1328,0 era Discharge - ll63,0 eta Discharge - 951.0 crs 
Pre 811111'8 - 100.0 rt Preseure - 75.0 rt PresiiUl'e - 50.0 rt 

v2/2g - 6.2 rt v2;2g - 4.7 rt v2/2g - 3.1 rt 
Pressure c Pressure c Pressure c 

99.1 0.933 74.3 0.932 49.2 0.927 

70.4 0,663 53.6 0.672 35.3 0.665 

51.5 0.485 38.7 0.485 25.1 0.473 

49.8 0.469 37.6 0.472 24.7 0.465 

54.0 0.508 40.5 0.508 26.7 0.507 

1.1 0,010 0.9 o.ou 0,9 0.017 

75.0 0,707 56.3 0.706 37.0 0.697 

52.2 0.492 39.0 0.489 25.8 0.486 

49.1 0.462 36.8 0.462 24.3 0.458 

53.2 0.501 39.8 0.499 26.4 0.497 

1.1 0,010 0.9 o.ou 1.2 0,022 

66.2 0.623 48.4 0.607 32.2 0.607 

40.9 0,385 30.7 0.385 20.5 0.386 

37.1 0.349 28.0 0.351 18.6 0.350 

-1.1 -0.010 -1.0 -0,012 -0.4 -0.008 

Preaaures are 1D prototype feet o:f' water, 
Piuometer locationa shown on plate_lQ, 

Discharge - 700.0 era 
Pressure - 25.0 rt 

v2;2g - 1.7 rt 
Pressure c 

24.7 0.925 

17.7 0.663 

12.9 0.483 

13.0 0.487 

14.2 0.532 

1.1 0.041 

19.0 0,712 

13.2 0.494 

12.6 0.472 

13.8 0.517 

1.1 0.041 

15.2 0.569 

10.6 0,)98 

10,0 0.374 

0.4 0.015 

J'igurea 1D beading refer to control piezometer located 1D the conduit 12 rt upetreua from the test section. 

PresiUrS coefficient C • Eressl.U"e l3i R'IBlllt!d :IIHIQI1IIHE 
pressl.U"e + V

2 
at control pieSOMter 

. 
2g 

Aft rap 
c 

0.929 

0.666 

0.481 

0.473 

0.514 

0.020 

0.70S 

0.490 

0.463 

0.504 

0,021 

0.602 

0.388 

0.356 

-0.004 



Piss. 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

l2 

13 

14 

15 

NarES: 

TABlE A44 

PIBSSUBI D.UA - nPI r GAD LIP 

GAD OPU 5.0 ft 

Discharge - 2225.0 ots Discharge - 1849.0 ots Dillcbarp - 1569.0 eta 
Pre .. ure - 100.0 tt Presaure - 75.0 tt Pressure - 50.0 tt 

v2/2g- 17.3 !'t v2/2g - l2.1 tt v2/2g - 8.7 tt 
lllld - w.ln Bead- 87.1 tt Bead- 58.7 tt 

Pressure c Pressure c Pressure c 

lll.9 0.954 84.5 0.970 54.8 0.934 

72.0 o.6l4 5).9 0.619 35.7 0.608 

44.7 0.381 32.5 0.373 20.7 0.353 

43.5 0.371 32.2 0.370 21.2 0.361 

51.1 0.436 38.3 0.440 25.1 0.428 

0.4 0.003 0.8 0.009 0.8 0.013 

78.0 0.665 58.1 0.667 38.3 0.652 

45.5 0.388 33.4 0.383 21.9 0.373 

42.1 0.359 31.0 0.356 20.2 0.344 

49.7 0.424 37.3 0.428 24.3 0.414 

0.4 0.003 0.8 0.009 1.3 0.022 

66.6 0.568 49.1 0.564 31.7 0.540 

34.0 0.290 25.5 0.293 16.6 0.283 

30.2 0.257 22.2 0.255 15.0 0.255 

-1.1 -0.009 -o.8 -0.009 -0.1 -0.002 

Pressures are in prototype feet of water. 
PieZOMt.er locations shown on plate 10. 

Discbarp - ll27.0 eta 
Pressure - 25.0 tt 

v2/2g - 4.4 tt 
Head- 29-!t tt 

Pressure c 

26.4 0.898 

17.2 0.585 

9.4 0.320 

10.2 0.347 

12.6 0.429 

1.1 0.037 

18.5 0.629 

10.5 0.357 

9.9 0.337 

l2.2 0.415 

1.1 0.037 

l4.1 0.480 

8.2 0.279 

7.5 0.255 

0.5 0.017 

ligures in heading ref'sr to control piezometer located in the conduit l2 tt upstream from the test section. 

Pressure coetf'ioient C • :12ressure at mal!!£!!9 I!HI!!JDell!t 
pressure + ~ at control piezometer 

. 
2g 

,.,.rap 
c 

0.939 

0.607 

0.357 

0.362 

0.433 

0.015 

0.653 

0.375 

0.349 

0.420 

0.018 

0.538 

0.286 

0.256 

-0.001 



Piez. 
No, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

NOTES: 

TABLE A45 

PIIESSURE DATA - TYPE F GATE LIP 

GATE OFEN 7,0 FT 

Discharge - 3545.0 cfs Discharge - 3096.0 cfs Discharge - 2496.0 cfs 
Pressure - 100.0 t"t Pressure - 75.0 t"t Pressure - 50.0 t"t 

v2/2g - 43.9 rt v2/2g- 33.4 rt v2/2g - 21.8 ft 
Head- !a3.9 rt Head - 108.&: t"t Head - 71.8 rt 

Pressure c Pressure c Pressure c 

131.8 0.916 98.9 0.912 63.8 0.889 

109.5 0.761 82,0 0.756 52.7 0.734 

71.8 0.499 54.2 0.500 34.9 0.487 

59.4 0.413 44.5 0.411 28.9 0.403 

63.0 0.438 47.3 0.436 30.9 0.430 

-0.2 -0,001 0.4 0.004 0.6 0,008 

114.9 0,798 85,8 0.792 55.8 0.777 

71.5 0.497 53.9 0.497 35.6 0.496 

58.5 0.407 43.9 0.405 29.7 0.414 

61.3 0.426 46.1 0.425 29.6 0.412 

o.o o.ooo 0.4 0.004 0.6 0,008 

91.7 0.637 68.5 0.632 44·4 0.618 

52.6 0.366 39.2 0.362 26.0 0.362 

37.8 0.263 27.5 0.254 18.3 0.255 

-1.9 -0.013 -0.9 -0.008 -0.1 -0.001 

Preaaures are 1n prototJP8 feet ot: water. 
PiezoMter locations shown on plate 16. 

Discharge - 1738.0 cfs 
Pressure - 25.0 t"t 

v2/2g - 10.5 rt 
Head- ~~.5 t"t 

Pressure c 

29.6 0.834 

25.1 0.707 

15.6 0.439 

13.7 0.386 

14.5 0.408 

1.0 0,028 

26.3 0.741 

16.6 0,468 

13.3 0.375 

13.9 0.392 

1.0 0.028 

20.9 0.589 

12.1 0.341 

8.7 0.245 

0.6 0.017 

Figures 1n heading refer to control pieZOJDeter located 1n the conduit l2 rt upstre8111 from the test Motion. 

Pressure coefficient C • ;eressure lli uumbea~ lilH 12!!1!~£ . 
pressure + V2 at control piezometer 

2g 

Aversge 
c 

0.888 

0.'7'.39 

0.481 

0.403 

0.428 

0,010 

0.777 

0.489 

0.400 

0.414 

0.010 

0.619 

0.358 

0.254 

0.001 



Pie a. 
lfo. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

14 

15 

NarES: 

TABIE A46 

PRESSURE DATA - '.m'B r GA'l'B LIP 

GAB OPEH 9.0 1'1' 

Dis~ - 6237.0 eta Dis~ - 5356.0 eta Discharge - 4307.0 eta 
Pressure - 100.0 tt Presaure - 75.0 tt Preaaure - 50,0 tt 

v2/2g- 135.8 tt v2/2g - 100.1 tt v2/2g - 64.7 tt 
Head- 235.8 tt Head- 175.1 tt Head - 114.7 tt 

Pressure c I Preaaure c I Preaaure c 

132.0 0.560 97.6 0.557 62.7 0.547 

174.5 0.740 129.3 0,7)8 8).2 0.725 

209.2 0.887 158.7 0.906 91.7 0.799 

175.0 0.742 1)0.0 0.742 84.2 0.7)4 

143.7 0.609 107.0 o.6ll 68.8 0.600 

-2.5 -O.Oll -2.1 -0.012 -0.3 -0.00) 

187.8 0.?96 1)8.8 0.793 89.0 0.776 

212.9 0.903 158.7 0.906 102.2 0.891 

175.9 0.746 132.2 0.755 85.8 0.748 

143.7 0.609 106.6 0.609 68.6 0.598 

-2.5 -O.Oll -2.1 -0.012 -o.3 -0.003 

135.4 0.574 99.9 0.571 64.3 0,561 

134.7 0.571 101.8 0.581 64.8 0.565 

93.6 0.397 69.9 0.399 45.7 0,)98 

-4.8 -0.020 -3.1 -0.018 -1.4 -0.012 

Pressures are in protot;ype feet of water. 
Pie~ter locations shown on plate 10. 

Discharge - 2844.0 eta 
Pressure - 25.0 tt 

v2/2t. - 28.2 tt 
Head - 53.2 tt 

Preaaure c 

26.0 0.489 

)6.) 0.682 

44.9 0.844 

)5.8 0.673 

29.1 0.547 

1.1 0.021 

)9.6 0.744 

43.6 0.820 

35.8 0,673 

29.1 0.547 

1.1 0,021 

27.6 0.519 

29.4 0.553 

20.3 0.382 

0.7 0.01) 

Figures in beading refer to control piezometer located in the conduit 12 tt upstreu troa the test section. 

Preaaure coefficient C • ~ssure ~· !lMt!ll Rl!IS!!!!t~E • 
pressure + L at control piezometer 

2g 

.lwrage 
c 

0.538 

0,721 

0.859 

0.72) 

0.592 

-0.001 

0.777 

o.sao 
0.731 

0.591 

-0.001 

0.556 

0.568 

0.394 

-0.009 



TABLE A-47 

PRESSURES OOWNSTREAM FROM GATE SLOT 

Type A Gate Lip 

Pies. 
Pressure Head1 100 Ft Pressure Head, 75 Ft Pressure Head, 50 Ft Pressure Head, 25 Ft Pressure Head1 15 Ft 

IUIIber Piesometer 
Pressure Piesometer Piezometer 

Pressure 
Piezometer 

Pressure 
Piezometer 

Pressure Beading Beading Pressure Beading Beading Beading 

).O-Ft Gate Opening 

1 18.) 19.1 10.1 10.9 4.5 5 • .3 1.6 2.4 0.6 1.4 
2 -1.7 -1.3 -1.9 -1.5 -1.1 -0.7 -0.9 -0.5 -o.8 -0.4 
.3 -0.5 -0.1 -1.2 -0.8 -0.7 -0.) -0.5 -0.1 -0.4 o.o 
4 2.2 2.6 1.1 1.5 0.8 1.2 0.2 o.6 0.1 0.5 

' -0.6 -1.0 -0.7 -1.1 -0.) -0.7 -0.2 -0.6 -0.2 -0.6 
6 -0.7 -1.1 -o.8 -1.2 -0.2 -0.6 o.o -0.4 0.1 -0 • .3 

4.o-Ft Gate Opening 

1 )0.4 )1.2 22.1 22.9 14.2 15.0 7.0 7.8 4 • .3 5.1 
2 .)0.0 .30.4 22.7 2.3.1 15.2 15.6 8.0 8.4 5.0 5·4 
.3 19.9 20.) 15.2 15.6 10.0 10.4 5.4 5.8 .3.4 .).8 
4 7.7 8.1 5.6 6.0 .).4 .).8 1.7 2.1 1.1 1.5 
5 1.8 1.4 0.5 0.1 1.0 0.6 0 • .) -0.1 0.2 -0.2 
6 -4.8 -5.2 -4-4 -4.8 -.3.8 -4.2 -2.0 -2.4 -1.) -1.7 

5.0-Ft Gate Opening 

1 48 • .3 49.1 .37.0 .37.8 24.7 25.5 12.9 1.).7 8.1 8.9 
2 5.3.7 54.1 40.7 41·1 27.) 27.7 14.1 14.5 8.8 9.2 
3 .33 • .3 .33.7 26.1 26.5 17.5 17.9 9.5 9.9 6.0 6.4 
4 15.2 15.6 12.1 12.5 8 • .3 8.7 5.0 5.4 .3.4 03.8 
5 2/J.7 26 • .) 21.0 20.6 1.3.6 1.3.2 7.7 7.3 s.o 4.6 
6 -.3.7 -4.1 -2.0 -2.4 -1.0 -1.4 0.5 0.1 0.9 0.5 

BOTES: PiezaDeter locations shown on plate 28. 
All piezometer readings referred to centerline or conduit. 
Head refers to pressure at control piezometer located in the conduit 12 tt upstream tram the test section. 



TABLE A-48 

PRESSURES DOWNSTREAM FROM GATE SLOT 

Type B Gate Lip 

Pressure Head, 100 Ft Pressure Head, 75 Ft Pressure Head, 50 Ft Pressure Head, 25 Ft Pressure Head, 15 Ft 
Piez. 

Number Piezometer Pressure Piezometer Pressure Piezometer Pressure Piezometer Pressure Piezometer Pressure Reading Reading Reading Reading Reading 
r---

3.0-Ft Gate Opening 

1 32.8 33.6 24·4 25.2 15.9 16.7 7.7 8.5 4.6 5.4 
2 2'1.5 27.9 19.2 19.6 11.7 12.1 5.2 5.6 3.0 3.4 
3 12.5 12.9 9.5 9.9 6.2 6.6 2.6 3.0 1.4 1.8 
4 3.5 3.9 3.0 3.4 2.0 2.4 0.6 1.0 0.4 o.s 
5 11.2 10.8 6.8 6.4 2.9 2.5 0.8 0.4 0.6 0.2 
6 ---- ---- ---- ---- ---- ---- --- --- --- ---

4. O-Ft Gate Opening 

1 45.9 46.7 34.9 35.7 23.5 24.3 12.1 12.9 7.3 8.1 
2 45.4 45.8 33.9 34.3 22.8 23.2 11.7 12.1 7.1 7.5 
3 30.0 30.4 22.4 22.8 15.3 15.7 7.9 8.3 4.9 5.3 
4 11.8 12.2 8.7 9.1 6.3 6.7 3.3 3.7 2.1 2.5 
5 11.3 10.9 8.9 8.5 6.8 6.4 3.7 ).3 2.8 2.4 
6 -7.7 -8.1 -5.7 -6.1 -3.5 -.3.9 -1.3 -1.7 -0.7 -1.1 

5.0-Ft Gate Opening 

1 53.6 54.4 41.0 41.8 27.5 28.3 14.1 14.9 9.0 9.8 
2 71.0 71.4 55.1 55.5 36.7 37.1 18.8 19.2 11.4 11.8 
3 48.5 48.9 36.7 .37.1 24.5 24.9 13.0 1.3.4 8.1 8.5 
4 23.8 24.2 18.6 19.0 12.1 12.5 6.9 7.3 4.5 4.9 
5 75.9 75.5 58.0 57.6 38.4 38.0 20.3 19.9 12.0 11.6 
6 6.6 6.2 5.5 5.1 3.3 2.9 2.6 2.2 2.1 1.7 

NarES: Piezometer locations shown on plate 28. 
All piezometer readings referred to centerline ot conduit. 
Head refers to pressure at control piezometer located in the conduit 12 ft upstream from the test section. 



TABLE A-49 

PRESSURES DOWNSTREAM FROM GATE SLOT 

Type C Ga.te Lip 

Pressure Head, 100 Ft Pressure Head, 75 Ft Pressure Head, 50 Ft Pressure Head, 25 Ft Pressure Head, 15 Ft 
Piez. 

Piezometer Piezometer Number Pressure Pressure Piezometer Piezometer Piezometer Reading Reading Reading Pressure Reading Pressure 
Readiruz Pressure 

3.0-Ft Gate Opening 

1 28.7 29.5 21.6 22.4 14.3 15.1 7.0 7.8 4.2 5.0 
2 19.3 19.7 14.5 14.9 9.9 10.3 4.8 5.2 2.6 3.0 
3 6.9 7.3 5.3 5.7 3.5 3.9 1.7 2.1 0.9 1 • .3 
4 2.1 2.5 1.7 2.1 1.0 1.4 0,3 0.7 0.1 0.5 
5 ..---· ---- ---- ---- ---- ---- 0.3 -0.1 0.4 o.o 
6 ---- ---- ---- ---- ---- ---- 0.3 -0.1 0.3 -0.1 

4.0-Ft Gate Opening 

1 48.5 49.3 36.5 37.3 25.0 25.8 13.1 13.9 8.0 8.8 
2 43.4 43.8 32.3 32.7 22.2 22.6 12.0 12.4 7.4 7.8 
3 27.7 28.1 20.7 21.1 14.2 14.6 7.4 7.8 4.7 5.1 
4 8,8 9.2 6.4 6.8 4.7 5.1 3.2 3.6 2.1 2.5 
5 o.o -0·4 o.o -0.4 o.o -0.4 -0.3 -0.7 0.2 -0.2 
6 -7.8 -8.2 -5.9 -6 • .3 -3.3 -3.7 -1.1 -1.5 -0.4 -0.8 

5.0-Ft Gate Opening 

1 57.9 58.7 44.0 44.8 27.5 28 • .3 14.3 15.1 9.1 9.9 
2 69.0 69.4 52.2 52.6 34.5 .34.9 17.7 18.1 11.0 11.4 
3 44.8 45.2 34.0 34·4 2.3.0 23.4 12.1 12.5 7.8 8.2 
4 18.7 19.1 14.8 15.2 10.9 11.3 6.1 6.5 4.2 4.6 
5 94.0 93.6 69.3 68.9 47.0 46.6 23.9 2.3.5 14.3 1.3.9 
6 5.5 5.1 5.3 4.9 .3.8 3.4 3.1 2.7 2.7 2 • .3 

NOTES: Piezometer locations shown on plate 28. 
All piezometer readings referred to centerline of conduit. 
Head refers to pressure at control piezometer located in the conduit 12 ft upstream from the test section. 



TABLE A-50 

PRESSURES DOWNSTREAM FROM GATE SLOT 

Type D Gate Lip 

Pressure Head, 100 Ft Pressure Head, 75 Ft Pressure Head, 50 Ft 
Piez. 

Number Piezometer 
Pressure Piezometer 

Pressure Piezometer 
Pressure Reading Reading Reading 

3.0-Ft Gate Opening 

2 -1.3 -0.9 -1.1. -0.7 -1.0 -0.6 
3 -0.3 0.1 -0.3 0.1 -0.2 0.2 
4 -0.7 -0.3 -0.5 -0.1 -0.4 o.o 
5 0.5 0.1 o.6 0.2 0.6 0.2 
6 o.o -0.4 0.1 -0.3 0.4 o.o 

4.0-Ft Gate Opening 

2 27.5 27.9 21.4 21.8 15.0 15.4 
3 18.4 18.8 14.1 14.5 9.7 10.1 
4 0.9 1.3 1.0 1.4 1.2 1.6 
5 ---- --·- ---- ---- ---- ----
6 -1.8 -2.2 -1.2 -1.6 -0.6 -1.0 

5.0-Ft Gate Opening 

2 49.6 50.0 39.1 39.5 26.8 27.2 
3 33.2 33.6 26.1 26.5 17.8 18.2 
4 9.0 9.4 8.0 8.4 5.8 6.2 
5 53.9 5.3.5 39.2 .38.8 26.5 26.1 
6 -0.6 -1.0 1.0 0.6 1.3 0.9 

NOTES: Piezometer locations shown on plate 28. 
All piezometer readings referred to centerline of conduit. 
No readings taken on number 1 piezometer. 

Pressure Head, 25 Ft Pressure Head, 15 Ft 

Piezometer 
Pressure Piezometer 

Pressure Reading Reading 

-0.7 -0.3 -0.5 -0.1 
-0.4 o.o -0.4 o.o 
-0.5 -0.1 -0.4 o.o 
0.4 o.o 0.5 0.1 
0.4 o.o 0.5 0.1 

7.8 8.2 4.8 5.2 
5.1 5.5 3.2 3.6 
0.8 1.2 0.6 1.0 ---- ---- ---- -----0.1 -0.5 0.1 -0.3 

14.1 14.5 8.8 9.2 
9.6 10.0 6.2 6.6 
3.7 4.1 2.8 3.2 

13.9 13.5 8.5 8.1 
1.5 1.1 1.7 1.3 

Head refers to pressure at control piezometer located in the conduit 12 ft upstream from the test section. 


